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PREFACE TO THE EIGHTH EDITION. 


The cordial reception accorded to the first seven 
editions by both Press and Public has been extremely 
gratifying, and amply demonstrates the keen and 
ever growing interest which is being displayed in 
scientific methods as applied to the commercial world 
of to-day. 

I am greatly indebted to many readers of the 
first six editions for the numerous suggestions and 
helpful criticisms I have received, to many of wliich 
effect has been given. I am particularly obliged to 
the Editor and Publishers of Business Organisation and 
Management for permission to reproduce the chapters 
on “ The Census as an Aid to Scientific Business,” 
and “ Business Research,” as these have already 
appeared in their columns, while the Editors of the 
Economist, Statist, The Bankers' Magazine, and the 
Financial Times, have greatly assisted me by their 
permission to reprint copyright-'inatter. 

• ■ A. LESTER BODDINGTON. 
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INTRODUCTION 


The business man of to-d/iy is met by mam problems 
which did not confront Jus predecessors, and chief 
among them is the tendency to limit bj artificial means 
the rate of profit which he may earn In order, 
therefore, to sliow increasing profits from his business 
he IS compelled either to (a) increase his Tuniover, or 
(6) reduce his expenses and ebminato T\aste of every 
kind The former is, of course, possible, but the 
Cl er increasing competition often means that additional 
turnover is only obtained by increasing the expenditure 
to an extent which makes the return on such increased 
tuniover much lower than that normally obtained 
Tlic latter is, therefore, of great importance, and applies 
even in those cases wliere turnover is increasing — in 
short, Scientific Management is to-day the only hope 
of sbomng better profits Waste, wliether of material 
and/or labour must be eliminated, preventable losses 
must not take place, the law of increasing returns 
applied to its fullest extent, and efficient maclunery 
must be introduced fo save botli time and labour 
wherever possible Operating costs, distnbuting costs, 
and general expenses must all be watched most closely, 
smee an increase in any of these components may 
result in the profits being swept away, and a good 
year’s business show a loss 
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Up-to-date machinen’- and time-saving methods 
are being gradually introduced throughout our offices, 
but many heads of business houses are apt to regard 
the purchase price of such machinery and appliances 
as an expenditure, "whereas it is in reality a first-class 
investment. This point of view is probabty the 
cause of our business men being regarded as con- 
servative in their methods. 

Business is a science, and the office may therefore be 
regarded as the laboratory, and as such needs to be 
efficiently fitted to carry out the work for which it is 
intended. In order to succeed in any business to-day, 
the business man must study all the factors which enter 
into the production, buying and selling, exporting and 
importing of the goods in which he deals. He must 
know the right time -to buy, the right price to pay, the 
quantity to buy, and the coiTect place to buy. He 
must Imow when to place the article upon the market, 
the price he can obtain, and the people to whom it 
is to be sold. He must study transport facilities, and 
investigate and compare the costs of the various 
methods of transport which may be adopted, not over- 
looldng the importance and convenience of speed}’’ and 
certain deliveries. He must loiow how to create a 
market for a new product, or how to stimulate the 
demand for his goods. Financial conditions need close 
and careful study in order that he may know when it is 
advisable to expand and Avhen to contract credit, or 
when it may profit him to purchase his goods and pay 
for them by raising a loan. If he be an importer or 
exporter, he must know the influences which affect 
foreign exchanges so that he may pa}^ or collect Ms debts 
at the most propitious moment. He must know when 
he may speculate with a reasonable expectation of profit. 
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and must be able to come to an immediate decision 
with regard to any proposition which mav be placed 
before him This calls for efficiency of a very liigh 
order 

The time has come when old-fashioned methods must 
be scrapped, old ideas swept away, and new and 
improved methods n«ed in order that business may 
expand, profits increase, and development be rendered 
possible 

During the past few vears we have seen great 
advancers made in business organisation and methods 
Where formerly the personal influence of tlie propnetoi 
attracted business, the present tendency is of an 
impersonal nature Buyers purchase their commodities 
in the best marliet, irrespective of tlie person with 
whom they are dealing Small businesses, where the 
proprietors knew their regular customers, are passing 
away ^lultiple shops and Departmental Stores are 
springing up Amalgamations are nfe and large 
businesses are increasing in number As a conse- 
quence of this tendency the principal must rely upon 
others for the specialised and detailed work necessary, 
and can then devote his energies to directing the 
general policy of the busmess He can be greatly 
aided by being supplied with statistical records, 
winch will enable him to analyse the situation and 
obtain a panoramic new of the business as a whole 
Thus he will supplement lus own abilities by making 
use of scientific methods, will obtam the true perspec- 
tive of the activities of his subordinates, and gauge 
the possibilities of profit-malong opportumties, and 
so be materially assisted in building a successful and 
piofitable business 
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§ 1 .] 


CHAPTER I. 


BUSINESS STATISTICS AND THEIR 
IMPORTANCE. 

Every business man finds it necessar5' to keep a 
record of Ms transactions, but frequently these records 
consist only of those financial aspects of Ms activities 
wiiich enable him to prepare proper accounts 
periodically, consequently the advantages wMch accrue 
to those who use information as to quantities, qualities, 
etc., accumulated from time to time, for placing 
their business affairs upon a scientific basis, are not 
obtained. It is only when we compare items one with 
another that we use statistical methods. 

§ 1. — Estimates and Their Uses. 

Emancial Institutions such as Banks and Insm-ance 
Compames can only carry on their businesses by the 
intelligent utilisation of past experience. As a result 
of stud3nng previous records a 'Banker Imows what 
cash reserve it is necessary to maintain in order to meet 
normal calls made upon liim, and moreover can 
vary Ms Reserves as the need of the occasion demands. 
In an agricultural district, for example, it may be 
necessary to mcrease the amount of cash in hand at 
harvest time, in order to meet the demand of farmers 
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for money herewith to pay the wages of the additional 
men required at this tune Insurance Companies 
basd their premiums upon the results of the risks 
co\ered over a large number of jears, or from other 
data at their disposal Railwaj Companies, m order 
to provide for the great crowds which habitunllj 
travel at holiday times must estimate tlio number of 
persons they may he called upon to carrj, and the dis 
tance and direction they will travel Tliese estimates 
are naturallv based upon what has happened m the 
past, and thus we find additional trams provided on 
some services, and a curtailed service on otlier sections 
of the line IVluIe it is true that the estimates may 
not be, and usuallj are not correct, the system of 
utilising past experience has much to recommend it, 
since the error mil be in large measure due to factors 
outside the control of the company, such as bad 
weather or a change m popular taste In the "United 
States of America there are many operators in 
“ futures They base their speculative operations 
on the possible crops of anj particular commodity 
m which thej are interested, and their estimates of 
the quantiU which mil be available are obtained 
by takmg the average jield per acre over a large 
number of years, and multiplying h^ the number of 
acres which it is estimated are under cultivation The 
Government publishes much information as to jield 
while the acreage is estimated by the commercial 
bureaux and newspapers from the information collected 
by their correspondents Such estimates, like those 
of the Railways, maj be incorrect owing to the fact 
that natural forces come into plaj , but the estimates 
of the yield mil bo found to be approximately correct 
m a j ear w hich is an ** average ” one, that is, one m 
which no abnormal influences affect the crops If 
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natural factors could be eliminated errors would almost 
disappear. To take an example, the world’s output of 
gold can be estimated almost exactly, since the onty 
factor in normal circumstances which will affect the 
output to any extent is the discover}’- of a new gold- 
field. In recent times, however, the increase in the 
price of gold has caused hoarded gold to be throvui on 
the markets, but such a position is clearly abnormal. 

§ 2. — The Budget and its Compilation. 

The Budget, wliich is awaited so eagerly in these 
days of heavy taxation, would be impossible of pro- 
duction were it not for the work of the Statistical 
Sections of the various Departments concerned. These 
Departments render statements to the Treasur}’- 
showing the population, who, by a comparison with 
previous records, are able to estimate the number 
of people who will be called upon to pay Income Tax, 
while the average amount of taxable incomes vuU 
enable an estimate to be made of the yield of an 
Income Tax at a certain figure. Figures as to the 
importation of goods are also available, and hence 
the yield of any additional Tax upon any com- 
modity imported can easily be ascertained, although 
allowance has to be made for the fact that con- 
sumption may decrease when an increase of price 
takes place. In the case of Estate Duties the average 
over a large number of years is the only safe basis to 
assume, since so many influences may affect the 
estimate. 

Why Results differ from the Estimates. 

It may, of course, be argued that the Chancellor of the 
Exchequer seldom balances his receipts and expenditure, 
having either a deficit or a surplus. Since this 
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IS SO, the science of statistics has not proved of 
much avail It must, liowever, be borne m mind 
that the Budget is merely a collection of estimates of 
receipts and expenditure Receipts may fall from 
a variety of causes, such as decreased consumption 
of taxable commodities owing to the increase in the 
pnce necessitated by the mcreased taxation , and while 
the average death rate may be maintamed, the estates 
of the deceased persons may be small, and the 
Exchequer suffer from the smaller yield in respect of 
Estate, Legacy and Succession Duties On the other 
hand, the expenditure of the vanous Departments 
maa exceed their estimates, or some severe and 
unforeseen crisis arise which necessitates additional 
expenditure some branch of the activities of the 
Government 

This discrepancy between estimates and results 
must of necessity always appear, however skilfully the 
estimate is made , but jn e^tlmatlng on scientific bnes, 
such as those laid down for statistical research, past 
experience is being drawn upon, and applied to condi- 
tions known to be in existence at the time the estimate 
IS made, consequently it is hkely to be very much 
nearer the actual result than a mere gues'* 

§3 — Object of Statistics. * 

Statistics have been defined as the “ Science of 
Counting ” 

The ultimate end of Statistical research is to enable 
comparison to be made beiween past and present results^ 
with a mew to ascertaming the reasons for changes 
which have taken place, and the effect of such changes 
on the future Data relatmg to past expenences 
are therefore collected, collated and co ordmated 
in such a form as to supply a panoramic view of large 
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masses of facts easily comprehensible to the liian in 
the street. The experience so ascertained is applied 
to present conditions, and the current problems solved 
in the light of snch past experience and application. It 
wiU thus be seen that while Statistics is a science of 
estimates and probabilities it is very closely allied with 
economic progress. 

§ 4. — Statistics in Commerce. 

So far the science of Statistics has not been directly 
applied to business except in a few speciahsed branches, 
such as Banking, Insurance and Railway traffic manage- 
ment, and even then has been largely confined to 
the financial aspect of affairs. Business men, however, 
are .constantly drawing on their past experience to 
solve their problems, though they do not do so through 
the medium of statistical methods. If the object 
outlined above is carefully kept in mind there is no 
doubt that it can be apjilied equally weU to aU branches 
of commercial activity. A commencement has already 
been made in Cost Accounting, which at its base is the 
utilisation of recorded information of past work done, 
and upon such information, allied to a knowledge of 
present conditions, present or future work may be 
based. 

Business men usually obtain information from the 
Accoimts presented to them from time to time. 
Modern Accounting may be regarded in a large measure 
as an exact science, and hence, since the results of a 
business man’s activities are usually presented in the 
figures compiled by his Accounts Department, there 
is a tendency to regard business as an exact science 
also. Accounts, however, record only the financial 
aspect of transactions rather than the nature of the 
transactions themselves ; consequently if such figures 
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only are considered, fallacious conclasion*? may be 
dra^ 

A moment’s reflection will at once make ifc clear that 
bnsmess itself is composed of estimates and proba- 
bibties A bnsmess man buys or produces his goods on 
the probabihty of the demand being of such a mag- 
mtude that he inll he able to dispose of Ins output or 
purchases at a profit. The size of his order, or the 
quantity which he will produce, will depend upon his 
estimate of the probable size of the demand from his 
customers He will TviUingly undertake to pa\ a 
high price for the commodities in which he deab if he 
IS of the opimon that he anil be able to obtain a still 
higher pnce from his customer In other words, 
he estimates the demand, and then buys or produces 
accordingly 

Hia estimate may be incorrect He may OTerstock 
himself, and have either to keep unsaleable stock 
on his shelves or else sell for less than cost On 
the other hand he may under estimate the demand 
and fmd that his stock is exhausted before the demand 
is supphed, thus losing an opportunity of makmg 
profit 

A contractor may estimate the cost of the work, 
and enter into a contract only to fmd that he has 
made a loss owing to an error in his calculation^ as to 
the cost On the other hand, his e'^timate may be too 
high, and thus he does not obtain the contract for 
which he has tendered 

L The successful husvness man is ike one whose estimate 
dosely approaches accuracy ) 

It may at once be said that to estimate correctly 
calls for skill of a very high order, and this is true, 
but such skill IS onlj' obtained as a result of long 
experience, and consequently is really the utihsa- 
tion of past knowledge This personal skill could be 
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greatly increased if this past knowledge were carefully 
preserved, recorded and adequately tabulated, and 
such recording and tabulating is nothing less than the 
compilation necessary to obtain Statistics. If records 
are made over a long period a Standard can beobtained, 
and such Standard utilised as the basis of future opera- 
tions; but these operations must in turn be recorded, 
in order that any change in conditions may be allowed 
to exercise its influence correctly, and anything 
abnormal duly cHminated, The compilation of such 
records would not be an expensive process, seeing that 
details appertaining to every transaction are available 
in the office, while records of the financial results are 
carefully maintained. All that is necessary to estab- 
lish a satisfactory statistical system is the maintenance 
of records of the transactions themselves, e.g., the 
quantities of goods produced, purchased, or sold, 
etc., and the correct tabulation and utilisation of 
these records. Care in the compilation of the records 
is, however, necessary, for unless they are prepared by 
one who is in close touch with the general pohcy of the 
business they may give a biassed view, instead of 
supplying that broad bird’s-eye view of the business 
as a whole which is so essential to a busy principal. 

Large business houses have found it an advantage 
to estabhsh special statistical and intelligence depart- 
ments which gather and co-ordinate facts and figures 
not only of the particular house, but of trade and 
finance generally. The principals then have access to 
data which has proved of great value when new markets 
are being exploited or a new venture launched. 
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§ 1 .] 


CHAPTER II. 


COMPILATION AND USES OF STATISTICS. 

If proper use of Statistical data is to be made it is 
essential that the collection and recording of data be 
very carefully carried out, for if this foundation be 
incorrect the conclusions drawn when data are applied 
to problems will be fallacious, and the action taken 
give results very greatly at variance with the estimate 
made. The collection of data therefore may be said 
to the foundation of Statistical Science. 

Before coUecting data of any description it is verj’' 
necessary to consider the object for which they are 
required — and then all possible information bearing on 
such object is gathered, collated and tabulated. To 
collect data without an object in vieiv is, generally 
spealdng, a waste of time, for it wiU lack that co- 
ordination so necessary to successful application. It 
has been stated that “ Figures can be made to prove 
anything,” but this is due either to wrong methods of 
collection, incomplete data, or in data not being 
comparable. Figures themselves cannot prove any- 
thing. It is the method of presenting and using them 
which results in correct or incoixect conclusions being 
drawm. 

§ 1. — The Unit of Data to be Collected. 

It is a truism to say that definitions vary 
materially. Take the term “profits” as an example. 
What are profits ? If this question be addressed to a 
business man his answer will vary greatly from that 
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obtained in reply to the query from, say, an Account 
ant while an Inspector of Taxes or i Lawyer would 
each give a rendering entirely different from either 
of the others The profits of a business as calcu- 
lated hy a Vendor of such business will frequently 
materially differ from those calculated from the same 
data by the person negotiating for its purchase Each 
would be correct according to the definition he had 
taken, but to compare figures obtained from each of 
these vaiious sources would lead to no intelligible 
result for statistical or practical purposes 

From a Statistical point of view comparability will 
be possible when all the data conform to the same 
definition, no matter which definition be taken In 
vnew of conflicting views on some points it will probably 
be better to take profits as calculated for Income Tax 
purposes since Inspectors of Taxes follow certain 
hard and fast rules, thus tending to uniformity 
throughout the country 

In statistical worlv, therefore, it is first nece«sary 
to fix upon a unit such as it is desired to record, care 
full> define it, and then proceed to collect the data, 
seeing that the definition isstnctlv adhered to in everv 
case Even though the definition be inaccurate the 
data are comparable if they are liomogeneous and 
hence tlieir use will not result in fallacious conclusions 
being drawn 

§2 — Homogeneity of the Data 

Homogeneity may be said to be the first requirement 
of collection to be complied with, and it follows there- 
fore that unless the unit chosen is applicable to all the 
cases which fall under review, it will be necessary to 
split the unit into groups or classic in order to get more 
accurate results 
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Wages form a good example of such a unit. In its 
broad acceptation in the business world the word has 
come to mean the remuneration paid to those workers 
engaged in the actual handling of the commodities 
in which a business engages, and thus the pay of 
clerics, etc., faUs into the category of salaries. 
This seems so clear that it might be thought sufficient, 
but in practice it will be found that unless all the 
workers are paid upon the same basis comparison 
is rendered difficult, if not impossible. Where different 
rates are paid, the workers should be grouped according 
to the basis of pay. 


As an example let us consider a case where both 
male and female labour are employed, and assume, 
as is usuallj’’ the case, that the rate for women is 
lower than that for men. If any change in the 
composition of the operating force takes place, such 
as frequently happened during the Great War, when 
male labour was reduced and female labour greatly 
increased, the average wages paid to each worker 
would, all other things being equal, fall, unless the 
wages were split into the two groups : “ Wages paid 
to Men,” and “ Wages paid to Women,” in which 
case any change in the relative numbers employed 
voll not change the average. 

• Take a concrete case. A firm employs 100 men and 
500 women, and pays to the former a total of £500, 
and to the latter £1,000 per week, then the average 


wage per man is 
and per woman 


500 

100 

1,000 

500 


or £5 per week, 
or £2 per week. 


If the pay roll is combined, there are 600 em- 
ployees earning £1,500, an average of £2*5 per 
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vveclv, an average ^vhich does not represent the 
true state of affairs Xow, suppose the number of 
men eroplo 3 ed bv the firm falls to 50, mth a 
weeUv pa\ roll of £300, and the number of vromen 
becomes 1,000, mtb a rrage bill of £2,325 The 
average earnings of the men is noir £6 per week, 
and of the women £2 325 per week, an mcrease in the 
average earmngs in each case If, however, separate 
records have not been kept, the wage bill would be 
£2 625 for 1,050 persons, or an average of £2 5 If 
this latter fact were all the information at our disposal 
we should assume that no change in the rates of pav 
had taken place, whereas, eliminating anv question 
of overtime, the rates had increa'^ed considerablv 
Similarly t is obviouslv fallacious to compare the 
profits of two penods if the amount of Worlang 
Capital in the two periods is not the same, nor would 
anv end be served bv comparing the profits of two 
periods if in one of them some extraordinarv profit 
had been reali<scd, such as, sav, from the reali'^ation 
of ‘iome mvestments If the best results are to be 
obtamed, the profits must be amved at after the 
compilation of the accounts on the same basis, t c., 
after creditmg the usual tradmg profits, and charging 
the usual items, or at anv rate the same class of item 
Homogeneity is absolutely essential in anv tables, 
not only in the returns at any one time, but in the 
returns for the whole of the periods comprised in any 
one table If it sfiou/d become necessary, as ls 
sometimes advisable, to change the basis of compila 
tion, care must be taken to note the change, as other- 
wise fallacious observations would be made Too 
many notes, however, are not advisable, for they 
render the table cumbersome to use, and greatly 
unpau* its utihty An example of the change of 
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base is to be found in the Tables of “ Quantities of 
Wheat, Wheatmeal and Hour, etc., imported into the 
United Kingdom,” published in the “ Statistical Ab- 
stract of the United Kingdom.” In 1904 and subse- 
quent years the figures were classified according to 
the “ Countries of Consignment,” instead of imder 
the “ Countries of Shipment,” as in the earlier years, 
a most important alteration which particularly affects 
those figures relating to countries which either have 
no ports of their own, or no regular direct shipping 
connections with this country, and also those countries 
which act as intermediaries in shipments from the 
first named. These latter countries will show con- 
siderable reductions in the supplies of such commodities 
to this country, whUe the former will be greatly 
increased. 

If reference is made to the Tables in the Abstract 
it will be seen that the exports of such com- 
modities from the United States apparently fell from 
24 million cwts. of Wheat and 16 miUion cwts. 
of Wheatmeal and Flour, in 1903, to only 7 million, 
and 9 million cAvts. respectively, in 1904. On the 
other hand, the Argentine Repubhc was only given 
credit for supplying us with 14 miUion cwts. 
of aU kinds of Wheaten commodities, in 1903, but in 
1904 the amount had risen to 22 mdhon cwts. If 
no note were appended to the Table, the figures as they 
stood would have caused an observer to come to the 
conclusion that America’s production of that class of 
commodity was faUing, and that as a consequence 
we were compelled to resort to the Argentine to make 
good the deficiency ; whereas it is more than probable 
that the output in both countries was normal, and 
that the variation shown was entirely due to the 
alteration in the basis of compilation. 
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§3 — Completeness of the Data. 

It 18 also rsscntinl that the data collected be complete 
in respect of nil matters appertaining to the unit A\hich 
need to be also coUateil and co ordinated If tins 
be not done no shall obtain inaccurate inferences 
If ne are collecting data relating to the profits of 
companies engaged in certain industries, wo must also 
collect information regarding the Capital empIo 3 ed 
m suih companies, for, all other things being equal, the 
companj with the largest capital should make the 
largest amount of profit Thus, if wc were told that 
the profits of the A Co for a particular jear were 
£20 000, while those of the B Co amounted to 
£100,000 the general assumption would be that B Co 
had done fire times as well os the A Co If, however, 
the capital of the A Co is £100,000 while that of 
B Co IS £1,000,000 the conclusions wnll bo quite 
different for \ cams 20 per cent on its capital against 
B’s 10 per cent In connection with tho capital wo 
arc faced witli the difHciiltj of defining this ns already 
mentioned in § (1) above, particular!} in the case of 
Limited Companies — seeing that in Compan} matters 
there are aanous forms of Capital, such as Authorised 
or Nominal , Issued, Subscribed, Paid up, Reserve, 
and I\ orkmg Copital In order to ensure complete 
umformita , how ca cr, it is alwaj s w i«o for the purposes 
of companson of any Kind to take as the Capital the 
actual interest of the proprietors This can be amved 
at b\ deducting from tho total value oi the assets 
the liabilities of tbo business to all third parties In 
the case of a Limited Compan} the interest of the 
propnetors will usually bo composed of three items, 
VIZ,, (l)l6sucdand Paid up Capital, (2) Reserve**, and 
(3) an\ balance of Profit and Loss Reserves are 
accumulated from undivided profits and so mcrcase t he 
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interest of the proprietors and the actual capital of 
the concern. Similar remarks apply to any credit 
balances on the Profit and Loss Account. If this 
last named Account has a debit balance the amount 
must, of course, be deducted from the other items. 
Even this method of amving at the capital is hardly 
satisfactory for statistical purposes, for the valuations 
of the assets may be on different bases and hence the 
capital be affected. Uniformity in methods of valuation 
and in classification of items would greatly aid the 
statistician dealing with commercial data. 

If certain factors only are compared, errors are 
obviously likely to arise, but if the science of Statistics 
is carefully studied these errors are not likely to be made. 
All the factors must be studied if the real facts of the 
situation are to be deduced. Every unit must be 
considered and given its due weight, for if this be not 
done we shall be arguing that since one part is pro- 
gressing the whole must be well. Examples of this 
kind of reasoning can easily be called to mind. For 
instance, diuing the early part of the year 1920 the 
value of our exports showed increases, and many 
of our newspapers forecast a more prosperous time. 
They, however, omitted to take into consideration the 
ever increasing prices, and until tables of quantities 
were available as well Ss the monetary value of our 
exports we were unable to say whether the volume of 
trade had increased or not. It has also been argued 
that because our Export Trade isimproving, the country 
must be in a flourishing condition, but this is not 
necessarily so. The Export Trade is only a part of the 
business of the country, and frequently when the Home 
Trade is suffering from depression the Export Trade 
shows an actual increase, owing to the fact that 
manufacturers and merchants always endeavour to 
obtain the best price for their commodities, and if the 
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Foreign Morkets uill 3 ncld a better return than J3 
obtainable, at Home, then the goods are shipped to 
other countries 

Another example is frequently met with especially 
fit tho present time of high ratc^ The rates jwr £ 
are compared without any cognisance of tho rateable 
value® being taken It frequently happens that Inszh 
rates in one borough ate accompanied by low assess 
menta w hilc m another tho rates may he low and tho 
ns'seasment high If we tal o two similar liouscs m two 
borough® where the rates arc rcspcctuclv 15/ and 
12/ m the £ it would Ikj argued that tlio second is 
better for the ratepayer, hut if the a« e^sment m the 
«coond IS 25% higher than in tho first named tlio actual 
amount of rates paid will be the frame m each ease 
notwithstanding tlio dispanlv in the rates lei led 

It IS not only ncccssan to record other data dircctlv 
relative to the unit under renew, but nil factors which 
arc likely to have even tho slightest effect upon the 
results must bo w atched for and noted Bank Holidays, 
for instance, since they affect output need to be 
recordc<l, for to compare tlie output of a factory for 
two weeks one of which contained a Bank Holiday, 
would lead to entirely erroneous conclusions were 
the fact not known Similarly it is not frulTicicnt 
merely to know how many rilen nro employed in tivo 
different factories, we must also I now tho ayengo 
number of hours worked per day or yyoek, if a com 
ponton oi output m to Va- Tfmde TlVit; methods tA 
production used in the lactones would also need 
consideration, for two factories producing the same 
kind of article and employing the same number 
of hands for the same period of time, may shoyv 
entirely different outputs, owing to one having better 
methods of production than the other Other examples 
arc gi\ en later 
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§ 4. — Stability of Data. 

As will be seen later in this book, observations over 
a short period, while useful for iavestigatiag reasons 
for special movements in the data, are unsatisfactory 
for use as a Standard for comparison, as they are apt 
to be seriously affected one way or the other if abnormal 
conditions are present. By collecting data over a long 
period of time the effect of abnormahties in one ^ 
direction is apt to be offset by abnormalities in the 
opposite direction, hence a standard suitable for use in 
comparisons can be obtained. It follows therefore 
that any unit taken must remain constant in 
definition or value during the whole of the period 
being investigated, as if any change takes place the 
results are bound to be affected. Absolute stability' 
of the imit is practically impossible of attainment, 
but this can to some extent be compensated for 
by the use of the Moving Average described on 
page 77 et seq. Capital is a unit which has but little 
stability if the definition on page 16 be considered, 
seeing that most Companies find it expedient to 
increase reserves from time to time, while the 
balance of profit and loss carried forward ^ries 
materially, and thus the real Capital of the concern 
alters with each accounting period. 

§ 5. — ^Representative Data. 

In any extensive research undertaken it is obviously 
impossible to investigate every example in existence, 
so it becomes necessary to obtain a selection and 
investigate these, without going to the trouble and 
expense entailed in dealing %vith the whole of the 
individual cases. This method of procedure has been 
adopted in social and. physical mvestigations and is 
based on “the “ Theory oe Pros abilities,” which 
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states that if a moderately large number of items be 
chosen at random from among a very large mass, such 
numbers are, on the aierage, almost sure to have the 
same charactenstics of the larger group, and the 
data so obtamed can be safely used as a base for 
comparison wth all other examples of the same 
kmd. Some statisticians call this principle the 
“ Lav, or Statisticai. RMriiARiTY,*’ and it is 
largely used in Insurance Similarly, data obtamed 
over a long jienod are more reliable than those collected 
oier short penods, as abnormabties m one direction 
are offset bj those in the other and opposite This 
IS known as the " L uv of Ikeutia in Large Numbers ” 
and IS dealt with m detail later The mam point to be 
home in mmd is that the examples taken must 
be representative of the whole bod3’ which it is 
desired to investigate that is to sax, eveiy unit 
of the mass must liave the chance of being mcluded 
in tliose which are actually investigated If, for 
instance, it is desired to ascertain the average rate of 
profit earned in am particular trade, and the number 
of businesses m such trade are so numerous that it 
would be impossible, too laborious, take too much 
time, or prove too expensive to apply to all of them 
for the requisite information to enable such average 
to be compiled, then by circulan«iag a sufficiently 
large number of them to ensure a rehable average 
bemg arrived at, a reasonable estimate of such average 
vatfc tbswigHwaut wjM be 

Every business must have a chance of bemg mcluded, 
whether it be large or small, and in order to ensure 
this being so, perhaps the best method of selecting the 
representative busmesses would be to draw them as 
IS done in a lottery This process of selection is known 
as “ Sampling ” If onij large busmesses were in- 
cluded m the inquiry the average would be fallacious. 
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in so far that a large business enjoys many advantages 
over a small one, such as cheaper prices when buying 
in large quantities, or a lower ratio of expenses to 
Turnover. Some businesses may get more favourable 
terms against pa;\Tnent in cash, whereas other houses 
may not have sufficient worldng capital to permit 
of large cash purchases, and thus suffer some dis- 
advantage. We should not measure the stature of 
the British Army by the average height of the men in 
a Guards Regiment, neither do we measure business 
results by taking the large businesses only. In a 
general inquiry of the nature outlined above care must 
be taken to see that every type of district is also 
represented, or has the chance of representation, for 
conditions vary greatly, and the rate of gross profit 
earned in one part of the country raa}’^ be exceeded in 
another, or reduced in a third. Businesses which 
trade for cash only, as well as those which deal on 
credit, must be included, for the rate of gross profit 
in the latter will, of necessity, need to be higher than 
in the former, in order to cover the risk §f Bad Debts. 

§ 6. — Methods of Sampling. 

By using the Lottery method for the selection of cases 
to represent the whole of a trade or group, the Law of 
L Probabilities will give all units, examples, classes and 
districts the same chance of inclusion, though other 
methods of sampling may be equally efficacious, such 
as taking every tenth unit or case in the list, or pricking 
the requisite number of examples- from the list while 
blindfolded ; but a method of personal selection of the 
representative cases is not satisfactory, for uncon- 
sciously there may be some bias present, which leads to 
the inclusion of some examples and the omission of others. 

NaturaU}^^ the larger the number of representative 
examples taken and investigated the more satisfactory 
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the standard becomes The success of Life Insurance 
IS Tery largly due to the very long period of time over 
rvhich the statistics have been compiled, and the 
variety of trades and profedSiona foUoived by the 
policy holders At present the science of Statistics 
IS only ]ust being appreciated as an aid to business, 
for until the last few years it had been chiefly apphed 
to social problems and branches of busme^s, such as 
Insurance, ansing out of social conditions It must, 
however, be obvious that the ordmarv busmess does 
not offer so wide a scope for the collection of data 
as IS advisable, or as that which is possible m social 
statistics On the other band, the smaller data avail 
able will, or should be, more accurately compiled than 
those which cover a wider area, and consequentl> 
can be rehed npon to a much greater extent Care, 
bon ever must be taken in such ca«:es not to ai^ie 
from the particular to the general, as the facts appUc 
able to one busmess may not, and often do not, apply 
to othera of the same land elsewhere 

§ 7 — Methods of Collecting Data 

In collectmg tho nece«saiy data to enable the purpose 
of the collection to be achieved, the first es&ential 
IS to decide what infonnation is required, and then 
define the unit it is deaired to exanunc and compare, 
care being taken to see that it conforms to the rule?, 
already laid down The field of mvestigation most 
next he decided upon , the exact scope of the jm esti 
gation defined , and the process of collectmg the data 
undertaken It is c'ssential, as has been previously 
pomted ont, that in order to obtam useful and reliable 
data the unit m all the cases under inspection must be 
amved at in the same manner, so that if the enquuy 
IS in regard to profits care must be taken to see the 
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profits are in all cases calculated in the same manner, 
otherwise it will be found that some people will return 
Gross Profit, others the Net Profit, while some will 
bring extraordinary profits or losses into account, so 
materially affecting the results as to render comparison 
ineffective. The profits adjusted for Income Tax 
purposes wdU be found to have been returned in some 
cases, and divisible profits may appear in the returns 
of companies. In some cases Depreciation will have 
been allowed for, while in others it will not have been 
charged. Allocations to Reserve maj’’ have been 
made in some examples, while in others no such 
allocation may have been made. It follows therefore 
that not only must the unit be carefully defined, but 
the methods to be adopted in obtaining data 
conforming to that definition must be laid doivn. 

(a) Direct Method. 

Statistical data, should, whenever possible, be 
gathered by the compiler personally, or by those 
trained under and supervised by him, thus ensming 
uniformity in the data, and in the methods adopted 
for collecting, samphng and tabulating. This course 
is seldom possible owing to the enormous amount 
of time and/or expense involved, and recourse has then 
to be made to the circularisation of Schedules of 
Questions (technicaUj'^ luiown as “Questionnaires”). 

Rules for compiling Questionnaires. 

( ] ) Thej’^ must be very carefully compiled and the 
unit explained concisely but clearly, if mistakes, 
misapprehensions and misunderstandings are 
to be avoided. 

(2) Whenever results involving calculations are 
required it is always advisable to ask for the 
original data, so that the compiler may make 
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the necessary calculations himself, thus 
reducing the chances of errors in obtaining the 
result, and ensuring uniformity m the method 
of calculation adopted 

(3) The questions in the schedule must be short and 
clear, easy to understand and answer, and few 
in number 

14) On no account should the questions call for 
information of a confidential nature, as other 
m'se the whole of the questionnaire ivill 
probabl} reinam unanswered 

(5) Care must also be taken to see that the questions 
can raise no resentment in the mind of the 
average man, so they should not be of an 
inquisitorial nature. 

(6) The^ must be firee from ambiguity and correctlj 
and clearly defme the information desired 

(7) If an opinion is required the question must be 
so drafted that the answer to be given '-hould 
be “ Yes ” or “ Ko ” without quahfication 

(8) Questions should wherever possible call for 
answers of a corroborator} nature 

If these points do not receive attention mam of 
the schedules mil not be returned by the people 
to whom the} are addressed 

(b) The Ouestionnaire. 

Assuming that it was desired to ascertain some idea 
as to the effect of increased Wages upon output m 
a given industi^, the foUowmg might well be the 
Questionnaire circulated, assuming that the articles 
produced were of uniform standard and size, or that 
the same process, where several processes are iiecesaary 
to give a complete product, is referred to only Since 
the foiin IS a general one it u ould need adaptation to 
a particular business 
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Name of Firm : 


PJace of Business : 


Description of Article Produced : 

Method of Production, or, if various 
processes are necessary, the process 
referred to : 


Has any alteration been made in the 
Method of Production, or any im- 
provements in the Plant effected, 
with a view to speeding up Produc- 
tion ? If so, give details, date of 
coming into operation, and the effect 
upon Output : 

Has there been any breakdown of 
machinery, or other extraordinary- 
cause of delay, which would affect 
Output ? If so, state the nature 
of such delay, the number of hours 
during which Output was affected, 
and the extent of decrease ; 


Date of Increase of Wages ; 


Basis of Increase : 


Basis of Payment of Overtime : 


Method of Payment — Time or Piece : 


Has any alteration been made in the 
Method of Payment during the 
periods under review ? If so, give 
details : 


For Period of Six 
Months prior to Change 


For Penod of Six 
Months subseijnent 
to Change 


1. Number of Men employed : 


2. Total Hours worked : 


3. Total Wages paid : i 

4. Number of Hours of Overtime j 

worked : ■ 


5. Wages paid in respect of such 
Overtime (included in question I 
No. 3) . i 


6. Total Output : 


I 
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(c) Published Data. 


Frequently durect enquiry k out of the question, 
and recourse ha'^ therefore to be made to such pubh'^hed 
statistics and data as are available This docs not 
usually give such satwfactory results to the observer 
as tile direct or personal method of compilation, since 
the methods used m the compilation are unknown, 
and there is usually nothing to demonstrate the 
homogeneity of the information Wherever it is 
found that figures are unreliable thev should eithei be 
discarded altogether or adjusted, if adjustment be 
possible It must always be home in mind that a 
smaller number of correct figures will enable a more 
accurate estimate to be made than a larger number 
of incorrect ones 0 

The Board of Trade as well as other Government 
Departments supply much valuable material in their 
various returns, but as a general rule the busmess 
man either has not the time or the inclination to make 
a study of Blue Books It must also be admitted 
that nianv of these figures are compi^d in such 
a manner that they are not so useful to the business 
man as they might, or as they should be Tins has 
long been recognised, and some years ago a special 
confeience of Government Statistical Officere of the 
British Empire was held, under the auspices of the 
Board of Trade, to consider wliat steps could bo tiken 
to ensure homogeneity iii the returns, and uniformity 
in the method of compilation Among their recom- 
mendations was one relating to the formation of an 
“ Empire Statistical Bureau,'* which should be 
empowered to demand statistical information of public 
importance, and should compile and pubhsh from 
time to time monographs embodying important 
trade statistics, such as those dealing with Trade, 

I 4-0 3-) 
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Production, Transport, Communication, Population, 
Labour and Industries, Finance, etc. Such a Bureau, 
if and when formed, should prove of great assistance 
to the business man, but its usefulness vill be 
greatl3’^ impaired unless general hiterest is taken 
in the subject by the business world as a whole, 
since unless tlie statistics compiled are used for 
business purposes their compilation will be a useless 
expense and waste of time. The business man 
needs to study this question in the broadest possible 
sense, and without prejudice. He should study 
the returns, and see what information thej’^ contain 
wliich either in their present form, or with the 
aid of additional calculation, can be used to assist 
in placing his business upon a scientific footing. Such 
statistics might also open up the possibility of new 
fields for the emplojmient of capital and labour, as 
for instance, when the returns of imports show a large 
figure for some commodity which might, -with the aid 
of skilful organisation and adequate financial resources, 
be quite as easily produced in this country. This 
possibilitj’ was forced upon us during the Great 
European War, when industries sprang up here to 
produce goods previously imported * from enem3’^ 
countries. 

Statistical information which would be of great use 
to the business man is rendered difficult of compilation 
b3’' the reluctance of individuals or firms to disclose 
infoimation which the3’^ think will be of use to a ti’ade 
competitor. This reluctance is, in a wa3q natural, 
but the benefit to be derived from properly prepared 
statistics would more than outweigh the disadvantages 
attendant upon the disclosure of important data. If 
the great utility of Statistics as an aid in scientific 
management w^ere only better recognised, the formation 
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of a Statistical Bureau, under the supervision of a 
Chamber of Trade, or Commerce, -nhere data apper- 
taining to anj particular industry, and trade generailj 
irould be collected and collated for the benefit of the 
businessMoiId, should prove of inestimable advantage 
TJie Federation of Bntisli Industries has already 
established such a Buieau, which deserves greater 
support from the members 

§ 8 — Fallacious Comparisons. 

It 13 care m the use of the data at our disposal that 
will make a Statistical Department useful, and avoid 
the pitfalls of fallacious companions, of which some 
examples liave alreadv been given in tins chapter 
Manj business men compare the results of their sear’s 
trading witli the accounts of the previous trading 
period, but such comparisons are to a verj large extent 
useless, for either of the tu o penods under review niaj 
have been affected by abnormal conditions and thus 
the pei-spective be thrown out Ever} trade has its 
cj cles of good and bad trade, and if it should happen 
that a very good j ear is followed by a period of acute 
depression fallacious conclusions would be drawn if 
the trading result'' of such tw o penods were compared 
without taking into consideration the general state of 
^ trade Enquiry, however, should be made witJi a 
view to discovenng whether the fall in the results 
is solelj due to adverse conditions, or whether it is 
due in whole or part to internal causes Tompanson 
with the published results of companies m the same trade 
will form a useful guide on this point Similarly when a 
good jear follows a poor one, optimism must be 
restrained, since tiie greath enhanced results maj not 
be maintained It is the welfare of the business over 
a long penod which nced^ to be studied and if this is 
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progressing then the rises and falls which are bound to 
occur are relatively of but little importance. 

Again, the monetary value of the Turnover of a 
business may show a considerable decrease, but this 
does not of itself prove that the business is on the 
down gi-ade. Prices may have fallen abnormally, 
and the actual turnover of goods be the' same, or 
greater, than in the previous period. In the case of 
the retail trade the selling price of commodities is 
usually fixed at Cost plus a percentage, such percentage 
being calculated to cover expenses of conducting the 
business and leave a margin for profit. While it 
is true that when competition is keen prices have to 
be lowered (but so long as the price does not fall 
below a figure sufficient to cover the original cost of 
the goods and the percentage to cover the expenses 
of management, and the quantity sold produces such 
costs and expenses, no loss is incurred), yet the original 
Selling Price is fixed in the mamier indicated. The 
effect of a reduction in the general level of prices 
may be easily demonstrated if we assume that in two 
trading periods the same quantities and qvxilities of 
goods were bought and sold, but that in the second 
of the two periods the general level of prices fell by 
20% (f.e.. Commodities taken as a whole fell 20% 

in price). If the Selling Price be Cost Price plus 50%, 
then the following statement gives the results in 


Comparative form : 

j 1st Period. 1 

2nd Period. 

Cost Price of Goods 

.. £120,000 

£96,000 

Selling Price of Goods . . 

180,000 , 

144,000 

Gross Profit 

60,000 

48,000 

Expenses 

45,000 

36,000 

Net Profit 

.. ! £15.000 ' 

£12,000 
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It his been assumed that the expenses hare al&o 
faDen bv 20%, but this is an unbkeli contingcnci — 
seeing tint economic research clearly proves that 
expenses move less violently and at a considerably 
later date than the general level of prices, so that if 
cogmcaxiee Tcere taken of this fact the result m the 
second pe*hod ^vould be even wor^e than that «!homi 
above Even so it nail be ‘seen that the result*: show 
a senous diimnution m every way, and yet the ac'tial 
vohime of busmens transacted was the same The 
economist will of course pomt out that even though 
pwfit doesi show a declme of 20%, yet, as the general 
level of pnees has declined to a like degree, the pur- 
chasing power of the profits in the second penod tend& 
to be the *:ame as tho«e of the first While tlus 
IS quite true, the average business man considers 
results as shonn lu the tonus of money rather than in 
the purchasing power of that money 
It will at once be recognised that m such a case 
as the aboa e the busmess might have sold 25% more 
goods in the second penod and only show the ‘»ame 
monetary turnover as m the fust This state of affairs 
IS one of the reasons why the pubhshed results of 
many compaiue* for the past few a ears show a great 
diminution of profits, if not actual looses 

It will thus be ‘seen that at the present time it is 
impO‘?sible to compare tlie figures of Turnover or 
Profit shown for the current penod with anv of the 
War years, unless at the same tune we know exaetlj 
what change has taken place m the general level of 
pnees or unless we are acquainted with the quantity 
of goods that has been sold in each of the penods 
under renew. 

Sunilarlj , if the profit be lower than in a preceding 
penod, though the turnover of goods was the same, 
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Bank Holiday occurs with that for a Meek in whicli 
full tune IS ^\orked Sinulanly it is impossible to 
compare the figures of output for two weeks when in 
one of them more labour is employ ed, or longer hours 
worked, than in the other How then can we compare 
output if conditions vary from time to time, seeing 
that homogeneity is impossible 1 It is necessari’ in 
such cases to prepare a unit which while m itself 
constant includes the variable data upon which the 
output depends In the case of output it is necessary 
to combine both time and labour Such a unit would 
bt the “ jMan-Hour ” The number of Man-Hours 
during which output was m progress ii> the muubcr of 
workers nmltiphed by the avenge number of hours 
worked per individual, or in other words the total time 
occupied by all the workers Thus one man working 30 
hours would give us 30 Man-Hours, while five workers 
each working on the average six hours would also give 
us 30 Man-Hours It will be at once apparent that 
we have now a unit which is apphcable to the busmess 
employing few as well as man> hands ♦ To obtain 
the output per Man-Hour all that is necessaiy is to 
divide the total output by the total Slan-Hours or total 

time worked — 'V 

\ Total Man-Hours / 

is apphed to two or more factones the resultant of such 
computation is a comparable factor. The data resulting 
from the circulation of the questionnaire on page 25 
woufd be best treated in this wav, the ou^ut for 
each plant per man-hour being calculated for the 
penods before and after the change, and comparison 
of the figures thus obtained would give us the desired 

•It must not be overlooked that the ilan Hour is not ne<¥“«sanh 
applicable m all cases as fot example many mdostnea necessitate the 
emploj ment of gangs of trorkera to do particular jobs In such cases the 
unit TTOnld have to be Gang Home The principle is however, the 
same as for the Man Hour 
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result. Similarly if the total wages paid were diidded 
by the Man-Hours worked we shall get the average 
wages paid per Man-Hour, and comparison of the rates 
of wages paid in relation to the output per Slan-Hour 
will be rendered eas}’’. If, however, overtime had 
been worked at a remuneration in excess of that ordin- 
arily payable, a deduction in respect of the amount 
paid in excess of tlie normal rates must be made 
from the total wages paid if the figures are to be 
homogeneous and represent the standard rate of pay. 
Naturally where the method of production varies 
separa^te Tables would have to be prepared for each 
method or process of production. 

Such a standard as the Man-Hour will eliminate the 
consequence of accidents resulting in a total or partial 
suspension of work, as the time lost will be deducted 
from the total time, and the breakdown wiU have 
no effect upon the output per Man-Hour, though, of 
course, the total output will of necessity be reduced. 

If the maximum information is to be obtained, the 
figures appertaining to the Total Output and Output 
per Man-Hour would be best tabulated in five columns, 
the first showing the number of men employed; the 
second the average number of hours worked per 
employee ; the third the number of Man-Hours 
(this is obtained by multiplying together the figures 
in columns 1 and 2) ; the fourth the total output ; 
the fifth the output per Man-Hour, obtained by divid- 
ing the figures in Column 4 by those in Column 3. 
The data for each week or other period is then capable 
of very easy comparison. If the figures in column 
4 faU, while those in Column 5 remain constant, 
attention will immediately need to be given to the 
reason therefor. The fall in the total output may 
be due to one or two causes, or to a combination of 
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botli , VIZ , a fall in tlie number of employees, or a 
decrease in the number of hours worked, but this can 
be instantly traced by reference to CJolumns 1 and 
2 of the fonn Should the factors shown in the first 
two columns remain constant, but both the Total 
Output and the Output per Man Hour show diminu- 
tion, inquirv must be directed to the cause vhich may 
be due to inferior and inefficient wori ers having 
taken the place of better ones, or to pbjsical or 
mechanical difficulties being present and affecting 
output 

The following example will serve to illustrate the 
utihtj of such a statement — 

o) m w (4) (s) 


Weric eod«d. 


iiO «1 

CaipIojM* 


AT* «s» Vo 
o( tumi Ko o{ 
iTorked per Mas Uoan 


Total 0> tput 
Is Tosi 


Ootpue per 


is Iona. 


Juuarr 7th 
14th 
21et 
2Stb 

February 4th 
11th 
IStb 
'’5th 

lilarch 3rd 
10th 
17th 
24th 
31st 


200 45 

190 44 7 

200 44 

20t> 45 

250 44 8 

250 45 

26) 45 

260 45 

255 45 

260 40 

280 45 

260 45 

260 44 


9000 
6 493 
8 800 
9 000 
11 200 
11 "SO 
11700 
11 700 
11 476 

10 400 

11 700 
11 700 
11440 


4 500 
4 077 
4 400 
4 545 
4 480 
6 082 6 

4 914 
6 382 

5 506 
6 '>00 

5 967 

6 084 

5 94S8 


6 

48 

5 

505 

4 

45 
42 

46 
48 

5 

51 

52 
52 


Total o( Man j 

Hours for 13 ' 

weclcs 137 858 


Total Output for I I 

13 weeks ^ 65 066 3 

Output pet Man j 

Hour over 13 I 

weeks 1 4792 


By adding the figures in Column 3 we obtain the 
total of the Man Hours in the period under review, 
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while the total of Column 4 gives us the total output 
for the same period. By dividing the total Output 
(i.e., 66,068-3 tons as shoAvn in Column 4) by the total 
Man-Hours (137,858) we obtain the output per Man- 
Hour for the whole of the thirteen weeks shown. 
This figure (*4792 tons) would then form the basis of 
comparison for succeeding weelis. At stated periods 
this output per Man-Hour should he adjusted by 
including the cumulative Outputs and number of Man- 
Hours to the new date, and obtaining a figure for the 
Output per Man-Hom for the whole period. Care must 
be taken to calculate the correct Output per Man-Hour, 
as it is not correct (for reasons to be shown later), 
to average the standard results obtained separately 
for the periods. Supposing that in the succeeding 
13 weeks the Total Output was 84,000 tons, and the 
number of Man-Hours was 140,000, then the Output 
per Man-Hour for that period voU he *6 tons. To obtain 
the Output per Man-Hour for the whole of the twenty- 
six weeks we must add the Total Outputs and Man- 
Hours for the two periods, and find the Output per 


Man-Hour from these figures , 

i.e. : — 


1 

No. of j 

i Man-Hotirs. | 

Total Output 
in Tons. 

1st Period . . , . . . 

137,858 ; 

66,068-3 

2ud Period 

140,000 

84,000 

Totals for 26 weeks . . . . ! 

277,858 

150,068-3 


then Output per Man-Hour for the 26 weeks is 
150,068-3 


277,858 


= *54009 tons 


whereas, if we average the Outputs per Man-Hour 
we get: — 

•4792 -h -6 1-0792 


= -5396 tons. 

C 2 



fChap II 

36 STATISTICS AhD THEIB AmJCATlON TO COSLMERCE 

Tills result is entirely incorrect, as can be easily 
demonsti ated by multiplying such result by the number 
of Man-Hours This should give the Total Output 
for the penod, but instead of doing so gives only 
149,932 1768 tons, whereas by multiplying the result 
obtained in the first answer by the number of Man 
Hours ue get the actual total output 
Bj so adjusting the results the unit for comparison’ 
is amended to include current worhing, and a more 
rehable and valuable standard is obtained, in so 
far that any abnormal mfluences are spread over 
a longer period, and a poor output in anv week is 
counter-balanced by one the production of which is 
above the general level This is voiy necessary, 
particularly where conditions change, as experience 
shows that work people cannot be expected to mam 
tain a constant and steady output under varying 
condition® If the number of work-people varj 
greatla, or the average number of .hours worked 
per employee fluctuate to any great extent, the Out 
put per Man Hour should be adjusted week b> week, 
as otheravise the unit for one penod would not be 
the best standard for comparison Bj constantly 
adjusting this standard any improved methods of 
production, or greater efficiency of the workers resulting 
m a higher output will be given due weight 
In the statement given above it will be noticed that 
a verv heavj fall in the production per Alan-Hour took 
place in the week ended 4th Februarj, and that sub- 
sequently, with one exception (» e , the week ended 
18th Febnmiy), the output per Man-Houi steadily 
improved until the last week The abnormally small 
output per Man-Hour for the week ended 4th February 
may be due to one or both of two factors, which 
are revealed in the statement The first is that 
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during the iveek in question the number of operatives 
increased from 200 to 250, and it is not only possible, 
but highly probable that the new work-people were 
not able to produce the normal output owing to strange 
working conditions. In the second place it will be 
seen that the average number of hours worked per 
operative had dropped from 45 hours, which would 
appear to be the normal working week, to 44’8. This 
reduction in hours may have been due to the temporary 
absence of a “ Key worker or workers, and production 
handicapped accordingly. It is, however, noticeable 
that when the working force was again increased, 
during the week ended 18th February, the same 
phenomenon is observable, though in this case the full 
number of hours per operative was worked, thus 
confirming the fact that Output is adversely affected 
when operatives are worldng under strange conditions. 
This fact is also emphasized b}’- the Output per 
Man-Hour steadily increasing during the ensuing five 
weeks, indicating steadily improving efficiency on 
the part of the employees. It will also be observed 
that although the average number of hours 
worked per employee for the week ended 10th March, 
showed a heavy fall, yet the output per Man- 
Hour was not affected, although the Total Output for 
the week necessarily showed considerable diminution. 
This clearly shows that such a unit as the Man-Hour is 
one which can be used to make data, which in itself 
is not homogeneous, capable of being used for the 
pirrposes of comparison. 

The utility of this table would be greatly increased 
were it possible to plaee at the head of the fifth column 
the output per Man-Hour for the pre^dous year or 
quarter, or whatever unit of time is adopted, thus 
permitting an easy comparison Avith previously observed 



[Chap H 

SS STATISTICS A\D THEIS AKTJCATIOV TO COMMERCE 

results While m the science o! Statistics it may be 
broadly stated that a Standard based on a long 
senes of observations is far more rehable than that 
ba«ed on a short term, it is doubtful if this Tvould 
apply mth equal force to a productive busmess, 
smce 'vrorhing conditions are frequently altered and 
impro^ ed, and output affected accordingly , hut 
if the standard be based upon the whole of the 
results obtained while the conditions remam un- 
changed, the standard will be far more rehable 
than one obtained o\er a short period of, sa\, 
a year, smce the longer period mil allow for and correct 
all evtraordmaiy fluctuations This is the “ Law of 
Inertia of Large Kumhers," to which reference has 
already been made It an«cs from the fact that m a 
large mass of data phenomena arc bound to occur, 
but can be ignored m so far that while one phenomenon 
will affect the result m one waj , another will affect the 
data m the opposite direction, and consequently tend to 
nullify the effect of the first, or entirely neutralise it 
The larger the mass of figures the greater opportunity 
there will be for this law to operate, and hence the 
necessity for basmg the standard as far as possible 
on figures obtained over a long penod 

While the form set out above is representative, it 
will be found that each busmess presents its own 
problems, and consequently the business statistician 
will have to studj his own busmess carefully before 
he will be able to fix upon a standard satisfactory 
for all purpo-ses , but once that standard has been 
decided upon, it should not be changed without 
veiy careful con'^ideration, for if it be altered the 
previous compilation of data will need to be “scrapped ’ 
or much tune and labour expended m adaptmg it to 
the new conditions 
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Other units of the same nature as the Man-Hour can 
easily be constructed. For comparing transport costs 
we use the Cost per Ton-Mile, i.e., the cost of carrying 
one ton for one mde; the Cost per Wa^jon Mile, i.e., 
moving one wagon for one mile; Cost per Car-Mile; 
Cost per Passenger-Mile, etc. In Cost Accounting such 
units are essential if the results are to be strictly 
comparable, though frequently several units will be 
used in order to compare the results of the production. 
In the electrical industry for instance it is usual to find : 

1. The cost per ton of Coal burned. 

2. The cost per unit of electricity generated. 

3. The cost per unit of electricity sold. 

Comparison of the first two shows the type of fuel 
which is the best for economical generation, while a 
comparison of the last two, after allowing for imits 
used on the works wiU show the loss in distribution 
which is taking place. In coal-mining we should com- 
pare the costs per ton of coal raised, and the costs 
per ton sold. 

If data of this nature were available, sub-divided 
where necessary by districts, the individual producer 
could, after compih'ng data from his o-wn business 
on similar lines, compare the results of liis business 
with the general results shown, and also by the 
figures for his own district. From such comparison 
he could easily see whether he was producing efficiently, 
and as weU as the general result, and if not, make 
enquiries as to the efficiency of his plant, labour and 
management, with a view to bringing his own business 
into line with the general tendency. By such means 
the possibilities of obtaining greater profits would be 
pointed out. 

A business which maintains a record of the quantities 
of goods purchased and sold over a particular period 
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can judge Trhetber the bu‘nness is progressing or not 
h\ studying Ibe figures of siicb quantities, and thus 
cm base its future production or purchases upon its 
pa«t erpenenre — obtaining a valuable clue to the 
gcnenl demand of its customers and the periods of 
time m irhich such demand ari'^es TIu^ eliminates 
guess work and leads to stocks being readv to meet 
demands Bv raamtammg quantitative records we 
can gauge the position of a bu‘sincss far more accurately 
than will he possible wlien monetary records onK are 
kept Pnees ore bound to fluctuate from time to 
time, or, to make the same statement more «cientific 
ollv, the purchasing powe'* of monei chance* and the 
quantiti of goods handled will act as a check upon 
the progress or otherwise of the busine**. Financial 
Pecords are essential to a business, bat these 
alone arc apt to give nse to ven fallacious ideas, 
especiallj at tlw pre^nt time when pncca show 
constant fluctuations 

10 — Commercial Uses of Statistics 

Since Suppli and Demand fluctuate widely, statistical 
data should enable a business man to discoier when 
RiippU PTpfod^ dPTt nnH IVhcn thLs happen* pnees 
would tend to fall, and knowing this he could postpone 
his purcha<5es whenever pc^sible till •such fall takes 
place SimilarU when demand exceeds the suppH, 
pnees have a tendency to n«c, thus indicating the time 
ixst 7D&U1UUB ^^Long "fiis xecoris supply Viim 

with information as to when tra de falls off, and so 
indicate when advertisjig or special offers arc called 
for to keep business moving He^ilT discover when 
po pular taste clianges n nd thus not overstock him- 
nlf with those commodities the demand for which 
13 stcadilj declining, but will purcha^o tho'jo for 
which the public is ashing He will notice the 
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s easonaI_pTian^e3 in d epen d, and ad just— piiruhases- 
and stock accordingly. A business man who is 
worl dng on borrowed money will. b 3 ^ compiling 
statistics as to the rat es of interest ruling over various 
periods, discover from'liis'^ records that at certain 
times of the~year“money is alwaj^’s ch^per than at 
others, therefore if he can plan his operations so that 
his borrowings are heaviest when money is cheapest he 
should reap additional profit from the procedure. 
In normal times foreign exchanges move favourabty to 
this country at certain fairly well defined periods, so 
that a business man knowing this might be able to 
arrange his import-s, in order that the payments therefor 
are made at the time when Bills on the exporting 
country are at a discount. At the present time con- 
ditions are not normal and hence past experience 
is not helpful. Records can be compiled of delivery 
charges so that the cheapest and speediest method may 
be adopted, and fluctuations in miming costs traced and 
corrected. The output of machines can be compiled 
with a view to obtaining a “ Standard of Outnut ” to 
act for all machines working under similar conditions. 
Variations from this Standard would then be disclosed, 
and coidd be enquired into with a view to adjustment, 
thus leading to greater efficiency from, both plant and 
workers. Tabulated residts of Advertising wiU show 
the best type ot advertLsement, the iDest medium or 
media in which to advertise, the district or town 
from which the best results are obtained, and even 
the best daj’^s on which to advertise. 

There is no limit to the variety of purposes to which 
statistics can be put, but it is impossible here to do 
more than indicate what can be done. The data 
to be collected, the object of its compilation, and the 
uses to which it can be put are a matter for the head 
of each business. 
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§ 11 —Divisions of Statistical Data 
btatistical Data fall into two mam divisions, viz , 
(a) Groups and (b) Classes 

(a) Groups 

When a large number of examples of any kind have 
something in common (e g , Factones producing the 
same kmd of commodity), but differ from one another 
m some aspect whi'^h can be measured (e g , producing 
different giades of the same article, or different sizes 
of the same commodity), they together form a Group, 
and are capable of being tabulated m grades 

(b) Classes 

When the cbaractenstics of the examples are 
different, but such difference is not capable of being 
definitely measured, and thus need a separate 
description {e g , different methods of production), 
special classification becomes necessary, and these 
become Statistical Classes 

* (c) Senes 

When records are regularly made at intervals of 
time of the numbers of examples which fall into either 
or both of the above divisions, the result is a Statistical 
“ Seeies ” 

A series of Statistical Data ma)'^ fall into one of two 
classes, viz 

1 Continuous Senes This happens when the 
data IS known to fall within certam hmits, 
such as happens with natural objects of 
all kinds, but the items of which can never 
be exactly measured, c g , when we are m 
formed that there are 200 examples which 
exceed size 10 but do not exceed size 15 
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2. Discrete. Series. In this case the items of 
data are capable of exact measurements such 
as happens when dealing with wages or 
profits. In recording and tabulating such 
date gaps in the magnitudes may be expected, 
and the continuity of the table is thus broken, 
e.g., there are 150 men employed who each 
earn £3 10s. per week. 

§ 12. — Summary. 

Statistical data are incapable of proving anything, 
as they are entirely inanimate. It is when the 
figures are used in an unscientific manner that they 
can be made to bolster up fallacious statements. All 
statistics are open to criticism until the psychology 
behind them has been analysed. Nothing is a 
Statistical fact which — 

(а) Does not give the complete information 
relating thereto ; 

(б) Is not truly representative of the whole data ; 

(c) Is subject to personal bias, however innocent 
such bias is ; 

(d) Is embellished by personal opinion ; 

(e) Has not been carefuUy verified and checked. 

In checking the conclusions drawn from a Statistical 

statement — 

(a) Ascertain that all the data is pertinent to 
the investigation in hand. 

(&) That aU data conforms to the definition laid 
down. 

(c) That aU data is homogeneous. 

{d) That aU data being used for the purposes of 
comparison is strictly comparable. 
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(c) The matter should be approaclied with an 
open mind, and not with a previously 
formulated idea of what will bo found. 

(/) If the result revealed does not agree with 
what might he expected from a study of the 
averages or tendencies it should not be 
rejected without veiy careful investigation, 
as it may be an abnormal item which needs 
inclusion. (This is full}’ dealt with in the 
chapter on averages and types. ) 

(g) Where monetary values are used they should 
be checked by a study of the quantities and 
qualities of goods involved. 

(A) All possible and probable causes for pheno- 
mena showTi should be investigated, with a 
view to ascertaining which is or are 
responsible, and the exact effect of each 
where several are present. 



Chap. III.] 


ACCUEACY AND APPROXIMATION. 


45 


SYNOPSIS TO CHAPTER III. 


ACCURACY AND APPROXIMATION. 

§ 1. ACC0EAOY. 

(a) Standard of Accuracy. 

(6) How degrees of Accuracy may bo shown. 

2. — Appboxuiation. 

(o) Jlethods of Approximation. • 

i. Approximation to nearest number or specified decimal 

place. 

ii. Approximation by discarding figures. 

iii. Approximation by adding figures. 

(b) Results of Approximation upon Percentages. 

3. — Ebrors. 

(а) Measurement of Errors. 

i. Absolutely, 

ii. Relatively. 

(б) Classes of Errors. ' 

• i. Unbiassed Errors. 

ii. Biassed Errors. 

(c) Estimating the Error, 

i. When the error is Unbiassed, 

ii. iVhen the error is Biassed. 

iii. In an Estimated Average. 

4. FAIXACIES IN THE USE OF PeBOENTAOES. 

5. — ^Ratios and theie U.se. 

6. — Effect of Eeboes on Ratios. 

7. — Deoisials and theip. Advantages. 
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CHAPTER HI. 


ACCURACY AND APPROXIMATION. 

§ 1 — ^Accuracy. 

It has alrcacU been stated that Statistics is a science 
of estimates in other words an application of the theorj 
of probabilities W c obtain the time t ikcn to complete 
a cert un piece of Mork from past records and wc base 
future estimates for similar work upon our past ox- 
penenco of ho^ long «imihr \Nork took Wc consider 
it probable that vro shall require a certain amount of 
material and labour, and make provision accordmgh 
^^e estimate the quantity of u licit or oats or barley 
produced innuall^ because there is no means of 
measuring either the amount produced or consumed 
The number of people wlio are present at a function 
IS estimated more or less cotxectlv, but no oneuould 
know exactlj how many persons were present The 
companj promoter estimates the amount of profit 
which ho anticipates the Company will be able to 
mal e, basing his figures upon the past experience of 
the business which is being acquired, or else upon the 
results obtained bj other companies conducting similar 
business Obviously, howoacr carcfuUj past expcri 
ence is studied, wo cannot expect to estimate future 
results with absolute nccuraci, though we can 
expect to get within n smalt margm of the actual 
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result. In commercial Statistics, where the human 
element plays so large a part, we may well expect 
to find a greater diserepancj?- between our estimates 
and the result than in social and physical statistics, 
for many factors over which the business man 
has no control may affect the demand he has 
anticipated. In an3'- estimate, therefore, we may 
expect to find errors, and this expectancy becomes 
greater when we are using approximated figures, 
for here our data are admittedly iucomplete at the 
commencement of our investigation. 

(a) Standard of Accuracy. 

Bearing in mind that absolute accuracy is an impossi- 
bility whenever it becomes necessary to use measure- 
ment, we must la3'’ down a defim’te standard of accuracy 
for each estimate, and endeavour to maintain it through- 
out similar statistical work. We shall naturally 
alter oiu’ standard to fit the case being reviewed. 
For instance, if it becomes necessar3’' to ascertain the 
quantit’r" of coal contained in a large dump of that 
very essential commodity, the contents of the dump 
are usually estimated after it has been measured, and 
this estimate if expressed in tons vnll probably suffice 
for aU ordinary purposes, since in so large a quantity 
a few pounds or even hundredweights wiU make but 
little difference. But if a chemist is estimating the 
quantit3'^ of poison in his stock, then such estimate 
would need to be correct to the nearest grain, as other- 
wise a serious mistake might be made. Hffien the 
exact object for which the estimates are required, or 
when the known object entails further computations 
being made, the degree of accuracy present must be 
indicated, as otherwise the worker is not aware to what 
extent he can rely on the data. 
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(b) How degrees of Accuracy may be shoAvn 

Degrees of Accuracy may be sboum in various ways, 
and the foUoumg are some of them — 

(n) The quantity of coal is 1,000 tons m round 
numbers 

(h) The quantity of coal is 1,000 tons, plus or 
minus an amount not exceedmg half a ton 

(c) Tlie quantity of coal is 1,000 ± 5 tons 
(This IS the mathematical wav of statmg (6), 
but otherwise is the same ) 

(d) The quantity of coal is between 909 51 and 
1,000 5 tons 

(c) The quantity of coal is 1 000 tons correct 
to 05 per cent , or 5 per miUe 
In this case, as the difference is small, we might rely 
upon roimd numbers as in (a) 

§ 2 — Approximation 

Since numerous digits are confusing to the eve, and 
also to the mind, it is usually found advantageous 
when dealmg with numbers composed of many figures 
to express them in round numbers, even when the 
actual numbers are themselves available The smaller 
number of digits simplifies comparison and renders 
calculation easier, and can generally be used unless 
the difference between tbe actual numbers is so small 
as to preclude the use of approximations 

(a) Methods of Approximation. 

(l) 4ppfiOXI5rATIO^ TO ^EAREST 'TCMBER OB SPECITIED 
DECIMAL PLACE 

An example will illustrate the effect of such approxi- 
mation Columns (a), (6) and (d) of the foUowmg 
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Table, comprising figures relating to the working of 
the Railways of the United Kingdom for a period of 
five years and show (a) the Total Gross Receipts, (6) 
the Total Working Expenditure, and {d) the propor- 
tion which the latter bears to the former in percentages 
calculated to the nearest whole number. Column 
(c) has been added to show the percentage calculated 
correct to the second decimal place. When such 
calculations as these are used the last digit in each case 
is supposed to be correct, i.e., it is the nearest figure. 
For example, in column (c). Table A below, the figures 
in the first line should read 62-617 +, but a more 
correct result -will be obtained when approximating 
/"" by using 62-62 than 62-61, since the exact number 
is nearer to 62-62 than to 62-61. It is often advisable 
to carrj'’ the calculation to two or more places beyond 
the figure to which correctness is desired, as, for 
instance, when the percentage reads 6-509. If the per- 
centages were being stated correct to the nearest 
1 per cent., and only the figure in the first decimal 
place has been calculated, the observer will not be quite 
sure whether to read this as 6 or 7 per cent., nor will 
the second figure in this case assist him in arriving at 
a decision, whereas the third figure being 9 will cause 
the approximation to be made to 7 per cent., for if 
the third figure be 9, then on approximating to the 
second figure this becomes 1, and the result will then 
read 6-61, which being over one-half will be approxi- 
mated to the next number above. Thus the number 
52-2500001 w-hen approximated to the first decimal 
place will become 52-3, for whenever a fraction exceeds 
hah, no matter by how small a margin, it should be 
counted as a whole number. All fi-actions under half 
should be discarded {i.e., 52*34995 would become 52-3 
when written correct to the first decimal place). 

D 
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When the fraction is exactly one-haU it should be 
retained or dropped at the discretion of the compiler, 
though when such examples are at all numerous 
half of the examples should be retained, and the other 
half discarded, thus ensuring a more correct result 
in the total 

TABLE A. 

Tabus sbowi'^o Total Oboss Receipts asp Total Wobetso 
Extesdittbe ot Railwats r» the Ustteo Kiscdoh toe 
Fite Yeabs 



<•) 

<*) 

M 

(O 

Tnr 

TgUl Oran 

Toul TTorklBg 
CspeadRora. 

CraFerUm e( TTork 
br 

to bran BkcIfo. 
CAkoIaM coriiq 
to Stpood PeciAAl 
riMC 

riuioitiba of Work* 
br Cxpraditon 
to GKM S,erl;ci 
cam«i to tiw 
iinmt 1 Per 
OkL 

1 

£ 

451.4:9 

£ 

87450.S50 

PttCeBL 

62 62 

Ter Cni, 

63 

2 

139.09S.3M 

88.1^,233 

63 39 

63 

3 

141,8604^ 

93.378.872 

61*46 

64 

4 

154,467.914 

102.S7l.053 

66 37 

66 

6 

168,731,469 

115.993 894 

68 75 

69 

1 


The figures in columns (a) and (&) are of such a 
magnitude that they arc cumbersome to handle and 
difficult of comparison. This latter difficultj* has been 
overcome by the insertion of the percentage columns, 
but even in order to obtain these percentages fairly 
long calculations arc necessary, and mistakes arc 
possible. Comparison may be rendered easier and 
calculations simplified were we to take round numbers, 
i.e.y approximate the numbers to, say, the nearest 
thousand, hundred thousand, or even to the nearest 
million, or, if preferred, we can state the figures in 
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millions correct to the third, second or first place as 
the case may be, %\dthout appreciably affecting the 
proportion, as is shown in the following Table, compiled 
from Table A, but approximated to the nearest 
thousand : — 

TABLE B. 

Tabi^! showing Data in Table A above, Appsoxhiated to Neaeest 

Thoosand. 


Tear. 

i 

(a). 

»„ i 

(0. 

(rf). 

i 

i 

£ 

£ i 

i 

Per Cent. 

Per Cent. 

1 

i 

139.451* 1 

87,321 j 

62-62 

63 

2 ' 

1 

139,098 i 

88,173 i 

63-39 1 

63 

3 

144,860 i 

i 93,379 i 

64-46 

64 

* i 

154,468 ■ 

102,621 j 

66-37 

66 

o j 

i 

168,721 j 

I 115,994 } 

68-75 

69 


ii. Appeoxuiation by discaeding figuees. 

Another method of approximation sometimes used, 
is that of discarding certain digits entirely and so 
aniving at a round number of the units specified. 
The approximation is thus made to the hundred 
thousand or million under the actual numbers, such as 
reading 123,126,545 and 123,946,789 as 123 miUions 
in each case ; or, if we are dealing in monetary values, 
disregarding the shillings and pence and taking £93 
2s. 6d. and £93 19s. lid. each as £93. 

iii. Appeoximation by adding figtjees. 

In this case the approximation is carried out by 
taking the number to the next specified unit above 
instead of below the number. Thus 159,463,121 and 
159,872,642 would each become 160 millions when 

* If no information as to how far the figures were correct were given 
in the heading of such a Table, this item would be shown as 139,451°°°, 
thus indicating the degree of correctness of the figures. 
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approximating in millions Similarlj, £19 Is 3d. 
and £19 19s 2d -would each appear as £20 if -we -were 
approximating in pounds sterling. 

In all cases -where appro-umated figures are used, 
there is, of necessity, n difference (often of some 
magnitude uhen approximating to umts of high 
denominations, e g , millions) between the actual 
number themselves and the estimate (i e , the approxi- 
mated number), and care must therefore be exercised 
in using sucli numbers While approximation has 
but httle effect upon percentages, yet if these num- 
bers be used m calculations entaihng multiplication 
and/or division, the raising of powers oftheongmal 
number, or the extraction of a root, the divergence 
IS greatly affected, and the error present is multiplied 
or divided as the case may be. Thus approximated 
figures should be avoided when exact results are 
required from such calculations 

(b) Results of Approximation on Percentages. 

A companson of the two final columns of the 
Table B with those of Table A will show that the 
approximations have not made anv difference in the 
proportions which the figures in column (6) bear to 
those m column (a), thus demonstratmg that in such 
large numbers an approximation to the nearest 
thousand will not in any way affect any conclusions 
which may be drawn from the smaller numbers of 
figures now used Table C shows the same data 
approximated to the nearest million, and a study of 
the percentage calculations will show that though the 
percentages vary in all cases in ’the decimal places, 
jet when they are taken correct to the nearest 
1 per cent , only the fourth year shows anj’ diver 
gence from the results obtained when the actual 
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figures were used. It should, however, be noted that 
percentages correct to the nearest 1 per cent, are usually 
considered sufficient for comparative purposes, since 
worldng to several places of decimals not only involves 
much work, but does nothing to simplify comparison, 
which is the main advantage of using percentage 
calculations. 


TABLE C. 

Tabu: showing Data in Tabbe A above, Appeonimated to the 
NeAKEST lillHUON. 


Year. ‘ 

( a ). 

\ 

1 

k 

[ 

(6). 

1 

j (C). i 

W). 

1 

£ 

1 

1 

£ 

Per Cent. 1 

Per Cent. 

1 

139 


87 

1 62-59 

63 

2 j 

139 

1 

f 

88 

1 63-31 

63 

i 

3 

145 

i 

93 

64-14 

! 64 

4 1 

164 

» 

1 

i 

103 

' 66-88 

i 67 

5 

109 


116 

68-64 

69 


§ .3. — Errors. 

The divergence between the actual number and the 
estimate which is made either by approximation or 
by any other method, is called by yStatisticians an 
Error, and care must be taken not to confuse this 
use of the word vith that to which it more usually 
applies, i.e., a mistake. 

(a) Measurement of Errors. 

Errors are measured in one of two ways, viz . : — 

i. Absolutely. 

If we estimate the population of a town to be 99,900, 
whereas actually the population is 100,000, then the 
difference (in this case 100) between the estimate and 
the exact number is the Error in our estimate. Such 
an Error is known as an “ Absolute Error.” 
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U REULTIVEnT 

If Tve express the absolute error as a ratio of the 
estimate, Tce obtam what is called a “ Relative 
Error *' Thus, though the absolute error in the 
case just quoted is 100 m an estimate of 99,900, the 
100 

Relative Error is — ^ or 001001 The Relative 

Error is sometimes expressed as a percentage error, 
and were this done in the above case the error would 
be said to be 1001 per cent of the estimate 
It will easily be appreciated that the Relative Error 
IS a much more rehable guide to tbe position than is 
the absolute error For example, if it be estimated 
that there are 100 people at a function, but there are 
actually only 99 then there is an absolute error of 1, 
and a similar absolute error would be disclosed where 
the estimate is 100,000 and the actual number is 
99,999 While the absolute error is tbe same in both 

cases, the relative error is m the first ca*!e and 

in the second, t e , the effect of the second 
error is only one one thousandth of that m the first 
(b) Classes of Errors 

Errors fall into two classes viz — 

1 Unbiassed Ebbobs 

Id the case where the estimate may be either above 
or below the actual number, such as happens where 
approximation is earned out to tbe nearest complete 
unit decided upon (» e , a hundred, a thousand, etc ), 
the estimated number may be cither greater or smaller 
than the actual number, and when this happens the 
error is said to be an ** Unbiassed or “ Compen- 
sating ** error, because the error may be in either 
direction, and thus an error in one number in one 
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direction tends to be offset by an error in another 
nnmber in the opposite direction, but there must, of 
necessity, be a large number of items under review 
before we can expect the Relative Unbiassed Error 
to become a negligible quantity. 

ii. Biassed Errors. 

If our estimates are all loiown to be either over or 
under the actual figures, as happens when we approxi- 
mate to the next complete unit above or below the 
exact number, the Error is a “ Biassed ” or “ Cumu- 
lative ” error, i.e., the errors are all on one side, and 
consequently in totalling a number of items the error 
becomes enlarged. The greater the number of items 
the greater the total error will be, as will be seen from 
the following Table, the numbers therein having been 
chosen at random, and on no preconceived plan : — 

TABLE D. 

Ikbxjb showing Reshlts of Biassed and Unbiassed Ebboks. 


(a). 

t («. 

(c). 

id). 

(e). 


tNumbcrs correct Unbiassed 

Numbers correct 

Biassed 

Actu-il Numbers. 

to the Nearest 

Absolute 

to next 1,000 

Absointo 


1 1.000. 

Error. 

under. 

Error. 


51 

+ 250 

‘ 50 

i — 750 


1 




82,805 

83 

, + 195 

82 

1 — 805 

40,602 

) 41 

' + 398 

1 40 




' + 357 


— 643 


102 

— 486 

' 102 

— 486 

37,284 

37 

— 284 

i 37 

— 284 

25,621 

26 

' + 479 

’ 25 

— 521 

106.972 

107 

1 + 28 

i 106 
( ; 

— 972 

585,368 

586 

1 

+ 632 i 

1 

580 

— 5368 

Average of Items: 





65,040-9 

65,111-1 

•• 

64,444-4 


Relative Errors: 

1 

1 

•001078 

•• 

•009255 
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It ■vnll be Been from this Table that m the case of Un- 
biassed Errors the Absolute Error in the Total of a 
number of items, each of wluch is subject to the same 
unbiassed absolute error, wU tend to increase with the 
number of items, but the relative error present m the 
total will dimirash with the number of items In 
the abo%e Table the Absolute Error in the first item, 
as shoivn m column (c), is 250, and the estimate is 
61'°' [column (6)], and the Relative Error is therefore 
250 

— , or 004901 In the totals the Absolute Error 

61,000 

IS 632 in an estimate of 586°“, which gives us a Rehti\ e 
632 

Errorof — , or 001078, a greatlydecreased Relative 

686,000 

Error It will also be seen tbat the Unbiassed Absolute 
Error is almost neghgible when we consider it in the 
light of the magnitude of the figures of the estimate, 
whereas the Biassed Absolute Error is very material 

(c) Estimating the Error 

J TBE ERBOR is UNBIASSED 

If the exact figures composing the nurabei were 
unknown, and the only information at our disposal 
nas that the total of the items when approximated 
to the nearest thousand was 586,000 it would be ver> 
desirable to know w hat po^ibility of error existedin the 
estimate Each of the items compnsed m the total may 
have an Absolute Error, and this error may be anythmg 
from 0 to 499, since the number maj be an exact 
number of thousands, and the approximate and 
exact numbers thus coincide, or any number over the 
thousand and up to the next fi\ e hundred would cause 
an error vary ing with the number bv which it exceeds 
the thousand, similarh with the numbers over the 
five hundred and under the next thousand The most 
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likely error, however, will be the average of these 
numbers 0 to 499, since it is the average type of any- 
thing which we meet with most frequently, while the 
extremes are seldom in evidence. The average of the 
successive numbers 0 to 499 will be found to be 
approximately 249-5, or in round numbers 250, and 
this latter figure is sufficiently correct for ordinary 
purposes. To obtain the best estimate of the Abso- 
lute Error in a Total of a number of items which 
have an Unbiassed Error we multiply the average 
Absolute Error of the items by the square root of the number 
of iteins. If we apply tins to column (&) of the above 
Table D, we shall get 250 79 = 250 x 3 = 750, so 
that were the actual numbers and the total unknown 
we could Avrite our estimate as 586,000 ± 750, since the 
error may be in either direction. As we know the 
exact numbers in this case we are able to compare the 
estimate ^vith the exact quantity. The actual error 
as shown in column (c) is 632, and our estimate of 
750 is therefore fairly good. It will be found in practice 
that the estimated error and the actual one do not often 
agree, and exact results cannot therefore be expected. 
However carefully and scientifically we work we cannot 
lose sight of the fact that the estimated error is based 
on the probability that the average Absolute Error of 
the items is the most likely error to be made. 

If we have an estimate of the total of a number of 
items each of which is .subject to the same Unbiassed 
Error, and it is desired to ascertain what is the possible 
Relative Error of such e.stimate, we can obtain 
the best possible estimate of the Relative Error if Ave 
multiply the average Absolute Error of the items by the 
square root of their number, and divide by the estimated 
total. Erom the above Table Ave know the estimated 
total to be 586,000 and the average Absolute Error to 
be approximately 250, AvhUe the number of items is 9. 
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The estimate of the Relative Erroi in such estimated 
total would therefore be* — 

00128 

586,000 

From the actual results which are known to us we can 
compare this result with that actually correct. This 
latter is found to be 001078, so that our estimate is 
not far from correct We could therefore write our 
estimate as 586,000 correct to 128 per cent 


u When tbe Error is Biassed 

When we are approximating to the next complete 
umt below, as in column (d) of the above Table D, 
the total of the errors found m the items will be the 
Absolute Error of the total, and this ^vlll be observed 
by studying column (e) In this particular case the 
error m each item may be any number between 1 
and 099*, since all figures between these two extremes 
are equally hkely to have been omitted As the error 
is a biassed one due to the fact that we are discarding 
digits, It will increase with the number of items under 
observation It is obvious that the minimum error 
possible IS 1 X the number of ttem3 xn the Table, and tho 
maximum error is 999 X the number of items The 
most likely error, however, wall be the average error 
possible, and hence the best estimate we can make 
of the Absolute Error in the total will be the 
average Absolute Error of ike items multiplied by the 
number of items If the average of the consecutive 
numbers 0 to 999 be calculated, it will be found to 
be approximately 499 5 (or, say, 500 m round numbers). 
Applying this fact and the above rule to the Table 
D above, we find that the total appearing in column 

•The error this case has been taken uv terms of srhol® numbers, 
but if fractions be cons deied the error u each item could be anj thing 
between say, 001 and 999 999 



§ 3 .] 


ACCURACY ANB 4PPE0XI3IATI0X. 


59 


{d) to be in error by an estimate of 499-5 x 9 = 4495*5 
(or if round numbers be taken 500 X 9 = 4,500), 
whereas a comparison with the actual figm-es which 
are available shows the actual error of the total to 
be 5,368. Though the estimated error in each case 
is not likely to be correct, this method of computing 
the possible error in an estimate is very useful when it 
is impossible to obtain the exact figures, and we must 
be content to work on estimates. In the absence of 
any exact data, therefore, we could say that the total 
of the nine items when approximated to the next thou- 
sand under would be 580,000 + 4,500, as the estimate 
is “ short ” or below the exact number in each case, 
while if the approximation had been made to the next 
thousand above, the estimate would need to be written 
580,000 - 4,500, as in this case the estimate is definitely 
known to be in excess of the actual number. 

If we desire to obtain an estimate of the Relative ^ 
Error of the total when the error is a biassed one, we 
multiply the average Absolute Error of the item by 
the number of items and divide by the estimate. Apply- 
ing this to the above case (Table D ), the average Abso* 
lute Error of the items in column {d) is 500 in round 
numbers, the number of items is 9 and the estimate 
is 580,000 then the estimated relative error is 


500x9 


-0077586 


580,000 

whereas the correct relative error is -009255. 


iii. Ereoes in an Estuiatbd Average. 

Ereq^uently we find that instead of the actual numbers 
and totals we have only an estimate of the average of 
a certain number of items which are Imown to be correct 
to a defined figure. Thus the average of the items in 
column (6) in the Table above is 65,111*1 when cal- 
culated correct to the first decimal place, and we deshe 
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to ascertain the approxunate variation which there 
IS Iikelj to be from this average To obtain the most 
probable variation we dtvtde the average Absolute 
Error of ike items (t e , in this case 250) by ike square 
root of ike number of items (9), and we thus get 
250 

= 83 3, so tliat we can say the average of the 
V 9 

items IS estimated to be 65,111 i 83 Agam, as we 
have the actual results available we are able to compare 
the estimate with the actual figures 
The average of column (o) is 65,0-40 9 correct to the 
first decimal place, and hence the error m the averages 
of columns (6) and (a) is actually 65,111 1 65,040 9, 

or only 70 2 It will at once be seen from this result ^ 
that the Absolute Error of the total when divided by 
the number of items inll give us the Absolute Error of 
the average of the numbers comprising the total (i fi , 
632 — 9 = 70 2), and also that the Unbiassed 
Errors tend to disappear m the averages 
The Relative Error of an average, when the error is 
an Unbiassed One, can be found bv dividing the average 
Absohiie Error of the items by the average of th'* nurribers 
as estimated, and also by the square root of the number 
of items , eg , taking the figures in Table D above, the 
Relative Error of the average of column (&) may be 
250 

estimated as — r- = 00128 a result which 

65,111 1 v9 

agrees with the estimated Relative Error of the total, 
and it will be apparent, therefore, that the Relative J 
Error of the total and the Relative Error of the ^ 
average should agree 


§ 4 — Fallacies in the Use of Percentages. 

Whenever percentages are used it is essential that 
the basis of the calculation of the percentage be given, 
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SO that there can be no misunderstanding. In the 
following statement this has not been done, and conse- 
quently two results can be obtained from the data, 
but these results vary greatl}’^ : — 

“ Wages were raised 10 per cent., lowered 15 per 
cent., raised 25 per cent., and lowered 20 per cent., 
and then raised 15 per cent, in certain years. 
What was the change in wages over the whole 
period ? ” 

What was the basis on which the percentages were 
calculated ? Was it on the original wages, or on the 
rate of wages ruling at the date the change was made ? 

Case I. If the percentages were based on the 
original wages, then the change over the whole period 
would be obtained as follows : — 


Let the original wages = 100. 

Then 

(a) the 1st change is an increase of 10 per cent., then 

wages = of 100 = 110. 

(b) The 2nd change is a decrease of 15 per cent., then 

wages = 110 - of 100 = 95. 

' (c) The 3rd change is an increase of 25 per cent., then 

25 

wages = 95 -f- of 100 = 120. 

(d) The 4th change is a decrease of 20 per cent., then 

20 

wages — 120 - of 100 == 100. 

(e) The 5th change is an increase of 15 per cent., then 

wag^ = 100 d- of 100 = 115. 
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So that the change of wages over the whole pcnod has 
been an increase from 100 to 115 per cent , or a change 
of 15 per cent on the basic rate 

Case II. If the changes had been based on the rates 
of wages ruling at the time of the change, the 
following would bo the result . — Cjl ^ 

Again let the original rate of wages = 100 
Then 

(а) The 1st change is an increase of 10 per cent , then 

no 

"ages = — o£100 

(б) The 2nd change 13 a decrease of 15 per cent , then 

85 

wages = (") 

(c) The 3rd change is an increase of 25 per cent , then 

"Sges = iQo 

(d) The 4th change is a decrease of 20 per cent , then 

"SgOS = jQQOf (') 

(e) Tile Otli change is an increase of 16 per cent , then 

115 , 

wages = JjjQ ol I'll 
TJien final wages = 

^otf»of^„f«„,™ofl00= 107 525 

100 100 100 100 100 I ^ ^ 

So that M ages have risen in the period under review from 
100 to 107 525, a difference from the previous result 
of 7 475 Such variations in results would not arise 
\\ere proper information always supphed 

Percentages, while useful to enable companson to 
be made, should only be used whtn the factors which 
are expressed in percentage form are themselves 
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we should assume that profits had dechned instead 
of having shown an increase, which would have been 
rei ealed were the actual profits shown In sucli cases 
as this it IS essential to show the whole of the 
data if fallacies are to be avoided This could be 
done a's follows — 


l(4r 

CairfUL 

! PratlU 

Rato ol Dividend 

1 

£ 

**50000 

20 000 ' 

8% 


250 000 20 000 

8“o 

3 

1 250 000 

20 000 

8% 

4 

' 250 000 

1 20 000 

8% 

5 

350000 

1 24 500 ' 

*7% 


§ 6 — Ratios and Their Use. 

Some Statisticians strongly recommend that ratios 
be used instead of percentages, and this would certainly 
do much to eUminate mistakes ■ahich arise when per 
centages aie used and the differing bases are not 
specified, since wc should then state that Wages had 
increased in the ratio of 100 to 115 (100 115) rather 
than that Wages had increased by 15 per cent It 
IS advisable whenever possible to dispense with 
decimal points, as these are frequently either omitted 
or misplaced, so that m the case (2) above we should 
fmd it necessary to state the ratio as 100,000 107,525, 
rather than as 100 107 526 

It IS not Tfise to trust always to percentages for 
comparative puiposes, as the following little anecdote 
will amply demonstrate Two army medical officers 
were discussmg the efficiency of inoculation against 
typhoid, and one of them stated that of those patients 
he had inoculated 50 per cent had subsequently 
contracted the disease The other was much aston- 
ished at this statement, for, said he, My experience 
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is the reverse of yours, for of those cases which I 
inoculated only one-tenth of 1 per cent, subsequently 
were victims to the fever.” The two opinions were so 
widely divergent that further inquiries were made, and 
it transpired that whereas the first medico had only 
inoculated two men, of whom one had subsequently 
sickened with the fever, the second officer had treated 
no fewer than 1,000, and only one of these had con- 
tracted the disease. Apparently, on the face of the 
statements, they were capable of comparison, since 
they were expressed as percentages, yet in reality 
no comparison was possible owing to the varying base 
of calculation. Tf ratios had been used, no mis- 
understanding would have been possible, since they 
would have been 1 : 2, and 1 : 1,000, these figures 
being obtained by reducing the actual numbers to 
the simplest form. 

Other examples of a similar nature will readily 
occur to the reader, but one further illustration may 
perhaps be given with advantage. Results of various 
kinds are often given in percentage form, particularly 
in advertisements. A coaching institution may state 
that its percentage of passes in a certain examination 
is 100 per cent., while another has a percentage of 
only 95. The' first institution would appear to be 
better for a prospective candidate than the second, 
but supposing the first named had only prepared 
two candidates, both of whom had passed, while the 
second had coached two hundred, of whom 190 had been 
suceessful, the opinion would of necessity be reversed. 
Here again ratios would have prevented fallacious 
conclusions, and it may therefore be taken as an 
axiom that percentages alone are insufficient ground 
for comparison, unless the data upon which they are 
based is known to be both homogeneous and comparable. 

E 
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Care must be taken even m the use of ratios or 
inaccurate conclusions maj be drawn, particularly 
when they mvite comparison between unrelated 
figures Thus, if m an exammation there were 500 
candidates of whom 300 are successful the ratio of 
passes to failures is 300 200 or 3 2 Supposmg 
a coachmg college had prepared 300 of these students 
of whom 200 passed, the ratio of successes to failures 
IS 2 1, whereas of the other 200 candidates 100 must 

have been successful which gi\ es a ratio of 1 1 , thus 
makmg it appear that the college m question obtains 
twice as good results as all others combmed This 
is obviously fallacious, as some candidates maj not 
have been coached at all, and hence do not stand the 
same chances of success as those properly prepared 
The only proper method is to show the ratios of 
all the coaching mstitutions if we desire to ascertam 
which has the best results 

§6 — ^Effect of Errors on Ratios. 

If for the purposes of comparison we are preparmg 
ratios between two distinct groups of data, it is essen 
tial that we should know what effect anv errors in the 
^timates we use will have upon such ratios In the 
case of Unbiassed Errors it will be found that they do 
not usually affect the ratios at all, while Biassed Errors 
tend to disappear in the ratios Thjsma\ be illustrated 
in the following figures — 
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§ 7. — ^Decimals and Their Advantages. 

When calculations of any kind become necessary, 
and fractions form a part of the numerical data with 
which the observer is dealing, such fractions should 
always be expressed as decimals, for as such they 
are not only easier to read, but also simphfy calculation 
in so far that Logarithms, or the Slide Rule, can be 
used if the work is long or intricate. Useful as 
Logarithms are, it must not be overlooked that 
in all eases where they are used the answer is only 
correct to the last figure of the answer, or to the last 
digit, when succeeded by one or. more ciphers, and thus 
the figures cannot be relied upon when further 
computation is necessar 3 ^ 

Wlien approximations involving the use of decimals 
are used it is essential that, if the figure to which 
correctness has been calculated is a cipher, such cipher 
should be shown in the same manner as if the figures 
were a digit. Tor instance, if the heights of buildings 
are being estimated, and one is expressed as being 
approximately 100 feet in height, the actual height 
might be anything between 99*51 feet and 100*49 feet 
(or 99*5 and 100*5), whereas if the height be shown as 
approximately 100*0 feet, then the measure of variation 
which is possible is between 99*95 feet and 100*05 
feet, thus allowing a narrower^margin of error in the 
estimate. 
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SYNOPSIS TO CHAPTEE 


TYPES AND averages 


{ 1 — TTsb or Avzbaoes 

2 — ^The AaiTOigne Ate&aoe 

(a) The Simple Anthmetic Average 
I Short Ifethod of Computing 
u Advakotegee of the Simple Anthmetic Average 

Ui DiAatlvan.tag,esof the Sun^te Anlbrnetie Avoragp 

IV Commercial Ueee of the Simple Arithmetic Average 

V Moving Average Standard 

(1) Vee« of Varyug Average Standards 
(3) Short Tens Floctuatione 
(3) Ueee of the Trend 

VI pKjReetive Average 

The Veighted Anthtaetie Avenge 
I Definition of the Weighted Anthsetio Average 
It The Weight* to be used 
111 . When Weighted Averages miut be need 

(1) ^Vhen classes of the same group contais a varying 
number of items. 

(3] When proport ons change 
IV Commercial Usee ol the Weighted Arithmetic Average 

(c) The Descriptive Average 

3 — ^Tbz Gbouetsic Avebaoe 
4 — ^THEltBDUUe 

(а) Arraying the Data 

(б) Frequency Tables * 

(e) Rule for calculating the Magnitude of the 2Ied.an 

(d) Quartiles 

(e) Deciles and Percentiles 
(J) Advantages of the 3Iedian 
(g) Disadvantages of the Median 
(A) Dses of the Median 

S — ^The Mode 

(a) Method of Locating the Mode 
{b) Advantages of the Mode 

(c) Disadvantages of the Mode 

(d) Commercial Uses of the Mode 
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CHAPTER IV. 


TYPES AND AVERAGES. 

Whenever we desire to form a standard unit for the 
purposes of comparison, such standard should always 
be obtained by eh’minating as far as possible, or at 
least nullifying the effect of, any abnormal fluctua- 
tions which may have taken place, and thus be present 
in the data which it is desired to review. This may 
best be done by the Judicious use of an Average which 
is obtained by calculation, or a statistical Type which 
is a selected example, since, by combining those 
years which show extraordinary phenomena in either 
direction with those of normal years and obtaining 
an average spread over a long period, we eliminate 
to a very large degree the effects of an abnormal period, 
and obtain a more useful standard for comparison, 
since it must be recognised that abnormalities are 
bound to occur from time to time. Moreover, when 
a long term is used abnormahties in one direction 
tend to be offset by those in the opposite direction, 
and consequently a more correct standard is obtained. 

§ 1. — ^Use of Averages, 

(a) Averages can be used to give us a de fi nite idea 
of some large group or groups of numerical data, and 
so enable us to compare different groups and classes 
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which are of such magnitnde m themselves that 
comparison tmit hy unit would either he impossible, 
or take too much tune (6) By the careful use of 
a\erages, we can often obtam a rehable guide to 
a complete group or class by the use of samples 
(c) Averages become compulsory when we desire to 
obtam an idea of the mathematical relationship 
exwtmg between different classes or groups 


§ 2 — ^The Arithmetic Average 

In Statistics we use vanous kmds of averages, each 
of which IS particular!} applicable to certam fields 
of mve‘4tigation, but some of these averages are 
really types The most common kind of average, 
and one whicli has so far been referred to in this 
manual, is the Arithmetic Average There are three 
mam vanations of this Average, viz (a) The Simple , 
(6) The Weighted, and (c) The Descriptive 

(a) The Simple Arithmetic Average 

The sum or total of a number of items is known as 
the Aggregate. The Anthmelic Average ts obtained 
by dividing the aggregate of a senes of items by the 
number of items in the series^ i e , the average of the 

numbers 3, 4 and 5 is- ^ ^ = 4, a computation 

which mvolves no particular mathematical skill 

I bBOKT IIctbod of Coupotiko the Snirix Abithmetic 
Average 

W hen, however, we are dealing with a large number 
of items, all of which are of nearl} the same magmtude 
the following “Short Chat” method of findmg the 
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Simple Arithmetic Average may frequently be used 
with advantage : — 


TABLE E. 

Example or Shoet Method of CoMPtrrrNO Aeitbmetic Avebage. 


I I Deviations of the Actnal 

Items to be Averaged. * Assumed Average. : Xombera from the 

1 Assumed Average. 


1684 

1 1680 

+ 4 

1680 

1680 1 

0 

1686 

' 1680 

+ 6 

1075 

1680 

— 5 

1673 

1680 ' 

— 7 

1670 

, 1680 1 

—10 

1677 

1080 

— 3 

1676 

1680 

— 4 

1682 

i 1680 i 

+ 2 

1683 

1680 , 

+ 3 

Sum of 

the deviations . . 

.. — 14 


Average deviation = 



— 1-4. 


Then average of the items = 1680 -f- ( — 1’4) = 1678’6 


Explanation : Take an arbitrary figure and assume 
this to be the average of the numbers imder review, 
and then tabulate the deviations of the actual numbers 
from such assumed average. These deviations will 
be added, paying due regard to the signs which precede 
them, and will then be divided by the number of items. 
The result will be added to the assumed average, and 
the answer will give us the true average. Obviously 
the arbitrary figure should not be too far from the 
actual average, but this is easily obtained by 
inspection as in the example. 

ii. Advantages of the Simple Arithmetic Average. 

(1) It is very easy of computation. 

(2) It is understood by everyone, and the method 
of arriving at it is common knowledge, a fact 
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xvhich renders it Texy useful when presenting 
averages to people possessing no special mathe- 
matical knowledge. 

( 3 ) There is no need to arrange the data in any special 
order, as is neccssarj with some Statistical 

typ«5. 

(4) It maj be obtamed when only the number of 
the items and their aggregate are known, and 
no details of the various items are available 
If, for instance, we know the amount raised 
by taxation m any country, and the population 
of that country, we can calculate the average 
amount of Tax contributed per head of the 
population, although we do not know the 
actual amount paid by any one individual. 

(5) If we know the number of items as well as the 
average we can calculate the aggregate involved 
For instance, given 40 workmen and an avenigo 
wage per employee of £3 per week we can 
obtain the weekly pay roll of the norks, » e., 
£3 X 40 « £120 ’ 

(6) Ever3 example is given doe weight in obtaming 
the average, 

(7) If the number of examples used in calculating 
the average be large, the abnormalities in one 
direction tend to be offset by thoae m the other 
direction, and thus the standard for comparison 
i<; more accurate. 

(8) It can be used for further calculation when 
this 13 necessary. 

m Disadtaxtaoes or the Sditix AEmoirnc eeace 

(1) Unless the data be verv simple, the average 
cannot be obtained by in*«pection, as can some 
statistical types. 
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Any extremes in one direction wliicli are present 
in the data will affect the average, and though 
this is desirable in some cases, it is not always 
so, particularly if the average is to represent 
the true state of affairs. Eor example, when 
calculating the average income of a district 
where the bulk of the population belong to the 
artisan class, but in which a millionaire resides, 
unless the number of artisans was very large 
the income of the miUionau’e would greatly 
affect the average income of the district, and 
thus give a fallacious average, unless steps are 
taken to give due weight to the numbers 
involved. 

Its accuracy is impaired unless the whole of the 
known examples are taken into account. 

The result we may obtain may not actually 
agree with any of the items under review, and 
may therefore not be truly representative. 
The following example will clearly demonstrate 
this. Four workmen earn respectively £4, £5, 
£6 and £7 per week. The average wage per 
workman is : 

£4 -h £o -}" £6 £7 22 ^ 

4 4 

but not one of the workman actually receives 
such a sum. 

That when not supported by the actual figures 
used in obtaining such average it may lead to 
fallacious conclusions. This leads to a form 
of abuse of averages, and while the average is 
correct, yet it is sometimes used to conceal the 
real position. This can be best illustrated by 
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taking tbe case of a Company ■which m five ' 
successive years shoire the following profits . — 


1st year 

£10,000 

2nd year 

8,000 

3rd year 

12,000 

4th year 

15,000 

5th year 

17,500 

Total 

£62,500 


The average profit for these five years is £12,500 
1 and as the profits for the period 


/ £62,500\ 


show material increases, except in the second 
year, the obvious inference is that the business 
IS a progressive one, and consequently the 
Company promoter desirous of launching the 
Company on the public would show the above 
figures, as well as the a\ erage, the latter being 
used to indicate what could be expected under 
average condition"* If, however, the total 
profits of the five years were the same, but the 
sequence of profits was * 


1st year 


£17,500 

2nd jear 


£15,000 

3rd year 


£12,000 

4th year 


£10,000 

6th year 


£8,000 


then the average profits are still £12.500, but if 
the actual figures are studied they show that 
the busmess is on the downgrade. A company 
promoter could, however, hide the real facts 
by gmng only the average profits, and thus 
obtain subscriptions which would not be forth- 
coming were the ■whole of the facts known 
It was undoubtedly to remedy this that the 
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Companies Act, 1929, made it compulsory for 
a certificate of the actual profits for the last 
three years to be shown in the Prospectus. 

iv. Commercial Uses of the Simple Arithmetic Average. 

The Simple Arithmetic Average lends itself admir- 
ably to many t 5 rpes of Commercial Statistics, but 
care must nevertheless be taken to employ it properly. 
It has already been pointed out that in comparing any 
figures relating to various periods care must be talcen 
to see that nothing abnormal occurs in either of the 
two under comparison at the moment. The Turnover 
of a business may be affected by a variety of causes, 
A “ Boom ” in trade will cause it to increase ; a 
“ Slump ” will result in a decrease. Inflation of money, 
or, to put it the other way, a decrease in the pur- 
chasing power of money, will, all other things being 
equal, result in a leap upward in the Turnover, while 
an increase iu the purchasing power of money, when 
other conditions remain unchanged, will, of course, 
bring about a fall. Increased competition and any 
change in the Revenue Duties payable upon a com- 
modity (if any) .will also affect it, and any one or more 
of these variations may happen in a very short period. 
To fix an arbitrary standard by which to measure 
anything does not allow for any changes of a per- 
manent nature, or even of a semi-permanent nature, 
which may arise, such as an increase in the Workhig 
Capital employed in the business, nor will it do to 
compare one year with another, since either or both 
may be subject to abnormalities which are incapable 
of being separated or assessed. If, however, we make 
a standard by averaging the results obtained from a 
number of years we shall have taken steps to eliminate 
to a very large extent many of the phenomena which 
would appear to be of a periodic nature, such as a 
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cycle of trade. Iruch opsing the len gth_oL.tim e over 
whicli the average is to run cate must be taken to see 
that such cycles of trade are usuallr covered, and it is 
therefore advisable to study the figures at one’s dis- 
posal, in order to see that the period selected will in 
the normal way cover such cycle. If it is found that 
cycles of trade take five years, then a”Iive years’’ 
average can be used ; but if the cyclesjake_ten_years, 
then it is necessary to take a ten ye ars’ average. 
In ordinary trading concerns a ten years* average willlje 
found to be the most useful By taking the av erage 
over a large number of years, bad years 
opportunity of being offset by the good ones, or should 
no good ones be present, to nullify the effects of-the 
had ones, seeing that the effect of the poor periods 
is spread over a larger number of years. This would 
in effect be an Index Numl)er, a subject which will be 
dealt with more fully later in this manual, and all 
future years would be compared ^Vlth this Standard. 
Though this system has many advantages, it is not 
perhaps the most suitable for business use, for in 
business, conditions change from year to year. The 
working capital of the concern may have been increased, 
either through an additional issue of Shares or Deben- 
tures, or by leaving profits which have been realised 
in the business and so increasing the interest of the 
proprietors in the business. All otlier things being 
equal, an. iuetease in. the watking capital at the 
disposal of a company, or firm, results in better 
opportunities for purchasing goods, and should logically 
increase the Turnover. Fluctuations are not therefore 
confined to outside disturbances, but may be caused by 
changing conditions within the business, and such 
changes should be provided for if our standard is to 
be a useful one. 
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V. Moving Average Standard. 

It would therefore probabty be better to make the 
standard a Moving Average. one. This would be done 
by maintaining the same number of periods, but 
dropping off the earliest and taking in its place the last 
trading period, this procedure being repeated year 
after year. This u^ould enable the Trading of each 
5^ear to be compared with the ten years’ average (or 
such other average as may be adopted), ending with the 
previous trading period. The Standard thus obtained 
would have taken into account aU fluctuations due 
to whatever cause right up to the beginning of the 
period under review. 

( 1 ) Uses of Varying Average Standards. 

The effect of such Moving Average Standard may 
perhaps best be illustrated by an example. The 
following are the figures of the Turnover of a Company 
for twenty years. The Capital of the Company at 
the commencement of the period was £10,000, })ut 
Reserves amounting to £5,000 had been accumulated 
by the fifteenth year, and increased to £8,000 by the 
end of twenty years. 


Year £ I Years £ 


3 


. . 35,000 

13 


. . 65,000 

2 


. . 42,000 

12 


. . 54,000 

3 


. . 43,600 

13 


. . 50,500 

4 


. . 47,000 

14 


. . 00,000 

6 


. . 48,600 

15 


.. 100,000 

6 


. . 52,000 

10 


. . 54,000 

7 


. . 30,500 

17 


. . 06,500 

8 


. . 37,500 

18 


.. 112,500 

9 


. . 53,000 

19 


.. 154,000 

30 


. . 63,600 

20 


.. 194,000 


It will be observed that the Turnover fluctuated from 
year to year, due to many causes. The reasons of the 
fluctuations could be ascertained by studymg the 
conditions ruling in the trade itself, and in business 
generally, during the period under review. 
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If V, e worked on the basis of comparing the various 
years’ Turnover with that of the first year, none of 
the changing conditions would be brought into con 
sideration, for even though we were able to say bv 
how much the Working Capital in, say, the twentieth 
year exceeded that of the Company m the first, we 
cannot possibl 3 » decide by how much the turnover has 
increased directlv as a consequence of the increased 
Working Capital While basing our compansons on 
the average of the ten years, 1 to 10, improves the 
Standard considerably, j et it does not take into account 
the changing conditions which applied durmg the 
second decade, particularly in the growth of the extra 
Working Capital in the shape of the Reserve The 
moving average overcomes this objection, and in 
addition gives an indication whether the “ Trend ” of 
the business is upward or downward. Table F (see p 
79) shows the ratios whicli the Turnover of the years 
II to 20 bear to the bases obtained by each of the 
methods outhned above, the ratios being calculated 
correct to the nearest whole number 
A comparison of columns (n), (b) and (c) is interest- 
ing, for while (a) shows a fall in the sixteenth year as 
compared with tlie preceding jears, the fall does not 
appear so considerable, while the jump upward in the 
following year is exaggerated owing to the low base used 
for the companson The same phenomena, but to a 
lesser extent, are also observable m column (b), but in 
column (c) the importance of the fall is emphasised as 
bemg below the standard of the Trend of the business 
It might be argued that jear 15 was a better ^ear, due 
to increased Turnover following the known increase 
in the W orking Capital, and that this fact would tend 
to exaggerate the fall in the following year , but this 
argument will not hold when we consider that the 
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Reserves had been accumulated, and by the fifteenth 
year had amounted to £5,000 ; and further, from column 
{d) we see that though the Turnover leapt upward very 
sharply in year 15, the effect upon the moving ten-year 
average was not extremely marked, for the average of 

TABLE F. * 


TABIiE SHOWING THE RATIO ToHNO^TEH BEAES TO StANDABDS CALCHHATED 

ON Vabying Bases. 


Year. 


11 

12 

13 

14 

15 
IG 

17 

18 

19 

20 



(a). 

W. 

1 

c). 1 

(d). 


Ease: 

Year 1 

=£35,000=100. 

Base : Average 
ol Ten Years, 
(1-10) 

=£44.850 « 100. 

Base : Moving j 
Ten-Year | 

Average shown | 
In Col. (d). f 

Ten-Year Moving 
Average lor 
CoL (c). 


157 

^3 

123 

Years 1-10 
£44,850 
Years 2-11 


154 

120 

115 

i 

£46,850 
Years 3—12 


161 

126 

j 118 

£48,050 
Years 4—13 


171 

134 

j 122 

£49,350 
Years 5-14 


286 

i 223 

1 

1 197 

1 

£50,650 
Years 6-15 

- 

154 

1 120 

i 

' 97 

£55,800 
Years 7-16 


190 

j 148 

1 119 

i 

£56,000 
Years 8-17 


321 

251 

1 

1 

‘ 191 

j 

£59,000 
Years 9-18 


440 

343 

1 

' 232 

i 

£66,500 
Years 10-19 


554 

i 433 

1 

i 250 

1 

i 

\ 

£76,600 


Basis for Comparison for 21 = Years 11-20 = £90,650. 


the years 5-14 was £50,650, while for the years 6-15 
(the basis of comparison with the year 16) was only 

I * The arrangement of this Table should be noted, as by placing the 
information in column (c) before that contained in column (d) we are enabled 
to compare the Ratios more easily than would be the case had the informa- 
tion in column (d) intervened between that in (6) and (c). 
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£56,800, though the Turnover had actually increased 
from £60,000 in year 14 to £100,000 in the fifteenth 
year A further study of column {d) reveals the fact 
that the heavy fall m year 16 did not cause a very 
heavy sag m the moving ten-year average, for this 
average contmued to advance throughout the ten 
years under review, and it is this moving ten-year 
averace wluch shows the Trend of the business turn- 
over 

(2) Short Term Flvctuationa 

When the average moves upwards it would show that 
the Trend of the Turnover was increasing steadily 
dunng the penod, and that the falls which took place 
in the Turnover from time to time had no real effect on 
theprogress of the business, so that by taking anaverage 
over a term of years we actually ehminate those fluctu- 
ations which, though having a marked effect at the 
moment, do not really affect the progress of the busmess 
at all Such fluctuations are called “ Short Term 
Fluctuations.” If data were available in relation 
to the particular trade or to trade in general, it would 
be possible to compare our ratios with those so 
published to see whether the business could show a 
better or a poorer result than the trade as a whole 

(3) Uses of the Trend 

The principle which has been enunciated above 
may easily be employed in other directions Instej^d 
of showing the percentage which Expenses bear io 
Turnover, which is at present the usual way of con^- 
paring the results of a current year with past penod'ts, 
we could create for expenses a standard similar to th%t 
calculated for Turnover, and from this ohtam the rati.o 
which the Standard of Expenses bears to the standarid 



§ 2 .] 

TYPES AND AVERAGES. 81 

Turnover and compare such ratios with those of the 
current year. Variations would thus be shown and 
traced to their source. wa.ste ehmiuated and excessive 
expenditure reduced. If the ratio of Turnover to 
the Standard advanced, while the ratio of current * 
Expenses to the Standard advanced by a similar or 
a less amount, it would appear that the management 
was pursuing a sound policy, and vice versa ; hence, 
if the standard for expenses was 50 to 100 for Turn- 
over, and in the current year was 70 for expenses 
and stiU 100 for Turnover, inquiries would of necessity 
be made, for expenses must have risen considerably * 
in the period under consideration, and the causes 
of the rise should be traced to their source, as it 
may be found that this is due to some condition 
which is capable of being remedied, or some 
inefficiency which should be corrected. To carry out 
such an inquiry properly it may be necessary to 
analyse the items composing expenses, and compare 
them with the corresponding items in the standard 
of expenditure, following the same procedure in each 
case. With expenses it is essential that the moving 
Standard be adopted, for many of the component 
items win fluctuate considerably from year to year, 
particularly such items as Wages, Salaries, Rates and 
Taxes. 

vi. Progressive Average. 

This is a form of average which is occasionally 
used, and is very useful during the early years of the 
life of a business and pending the expiration of such 
a period as it is desired to include in the calculations 
of a Moving Average Standard. It is a cumulative 
average, i.e., at the expiration of each period a new' 
average is obtained from the whole of the data then 
available, and this average is used as the base of 

F 
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comparison irith the next period. In Table F it will 
be noticed that we used the Ten-Year Average of the 
years I-IO as the base of comparison for the year 11. 
If the business had been established in 1, then to com- 
pare the results of subsequent years the Progressive 
Average might have been used with advantage. The 
following table shows its compilation from the data 
shown on page 77. 




1 

£ 

35.000 j 

42.000 1 

£ 8. 

d 

£ 


d. 

2 

38,500 0 

0 

3.SOO 

0 

0 


43.S0O 1 

40.166 13 

4 

3,333 


8 

4. 

47,000 1 

41.876 0 

0 

9.125 

0 

0 

A 

48.300 1 

43.200 0 

0 

5,800 

0 

0 

6 

52.000 , 

44.666 13 

4 

7,333 

6 

8 

7 

36.500 1 

43,606 0 

0 

•7,000 

0 

0 

8 

37,500 i 

42.750 0 

© 

•5,250 

0 


8 

33,000 ' 

43.888 17 

9 

9.111 



10 

63.600 

44,850 0 

0 

8,660 

0 

0 


The first average is obtained as foUows 
35,000 -h 4 2,000 
2 

The second average is found by adding the profits 


- =» £38,500. 


of the three years and dividing by 3, t.c., 
35,000 + 42,000 + 43,500 


= £40,166 13s. 4d. 


It will at once be realised that such a Progressive 
Average includes all data up to date, whatever changes 
iBsy h&ve takes bat irkes saok a pezk>d }2as 

been reached that a representative moving average 
can he obtained, the Progressive Average should be 
discontinued in favour of the Moving Average, the 
reason being, that as time advances the earlier data 
is not truly representative of present conditions, and 


* In actual practice the ftsuies abowmg decrease would be shown in ted. 
As this U not advisable m a book, decreases are indicated by an asterisk. 



§ 2 .] 

TYPES AND AVEEAGES. 83 

although to some extent offset by the more recent 
examples, results in an average which is biassed by 
early conditions. This is particularly true in the case 
of a business which has made very rapid progress, 
and which has from time to time increased the capital 
employed. Moreover, the total being spread over an 
ever increasing number of years tends to reduce the 
effect of modem fluctuations materially. If such a 
Progressive Average were used for the whole of the data 
on page 77, the average for the years 1-20 would be 
£67,750, and this would be the base of comparison for 
the twenty-first year; whereas the Ten Year-Moving 
Average gives us a base of £90,650, a figure which is 
much more in accord with actual conditions than the 
former. 

The addition of a column showing the increase or 
decrease on the Progi'essive Average is very useful in 
showing whether the business is progressing, for if 
the actual results are in excess of the average, then 
the Trend will be upward, but when a faU takes place 
in any period and is accompanied by a faU in the average, 
and the latter is higher than the actual profits made, 
then a detailed investigation becomes necessary, in 
order that the reasons for the position may be 
discovered, and adequate steps taken to prevent a 
further retrograde movement. 

(b) The Weighted Arithmetic Average. 

Though the simple Arithmetic Average can be used 
in many lands of Statistical work, it has its limitations, 
and these are best illustrated by an example. 

The employees of a firm number 10,000, and are 
divided into three groups, as foUows : — 

(1) 4,000 SldUed workers with an average weekly 
wage of £5. 

(2) 3,500 Semi-skiUed workers with an average 
weekly wage of £4. 
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(3) 2,500 Unskilled workers with an average weekly 
wage of £3 

It IS desired to ascertain the average wage received 
per worker This might, at first glance, appear to 

^ £5 + £4 + £3 ^ f 

be : 2 or £4, and if this were so, the 

weekly wage bill of the firm would be £4 X 10,000 = 
£40,000 , but, as a matter of fact, the actual pay roll 
amounts to — 

(£5 X 4,000) + (£4 X 3,500) + (£3 X 2,500) 

= £20,000 -f £14,000 + £7,500 = £41.500 
so that our average is clearly incorrect, seeing that one 
of the advantages of the Anthmotic Average is the 
fact that the aggregate can always be obtained when 
we know the average and the number of examples 
But if wo multiply the average wages of the men in 
each group by the number of the men in each group, 
and add the results, and then dmde by the total 
number of workers, we get • — 

(£5 X 4,000) + {£4 X 3,500) + (£3 X 2,500) 

10,000 

£20,000 + £14,000 + £7,600 £41,500 

" 10,000 ” 10,000 " ’ ® 

= £4 3s. 

which IS the actual average of the whole, since 
£4 15 X 10,000 = £41,500, 
the amount of the weeldy Wage bill 

1 Deftnition or the Weiobted Arithmetic Average 
This type of Average is known as the Weighted 
Arithmetic Average, and may be described as an 
^ average whose component items hate been multiplied by 



§ 2 .] 

TYPES iND AVERAGES. 85 

certain numbers kncnm as “ Weights'"' before being 
added, the aggregate being then divided by the sum of 
the weights, instead of by the nmnber of items. If the 
numbers of men in each of the above groups of workers 
had been the same, then weights need not have been 
used, as the divisions being equal would have caused a 
Simple Arithmetic Average to suffice. Tliis principle 
of the Weighted Average is very importantl^in all i-"'' 
cases where varying quantities are in evidence, and 
it will be necessary, for instance,! to use it in a factory 
where average cost per unit' of the commodities 
manufactured is desired, and the output varies for 
the various commodities, also where the average 
output per machine is required, and the machines 
are of different patterns or are working under var 3 dng 
conditions. 

ii. The Weights to be Used. 

It is not, however, necessary to use the exact /- 
weights. They maj’- be estimated, but if the number 
of weights used is small, the size of those used may have 
a marked effect upon the result, and therefore the 
weights used shoidd be approximately correct. It 
has been demonstrated by Professor Bowlej’", in his 
book “The Elements of Statistics,” that mathematically 
an error in the Weights terids to be much less serious 
than a corresponding error in the size of the items, for 
an error in the weights, if many of them are used, will 
in all probability be Unbiassed, and so tend to cancel 
or nullify one another. The following example wiU 
suffice to illustrate this fact. 

Three countries have an acreage of 3,542,160, 
2,673,940 and 1,340,920 respectively, under Corn 
crops, and produce an average of 35 '4, 29 '6 and 31 '2 
bushels per acre. What is the average 3 deld per acre 
of the ground under cultivation ? 
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Case. I. Using actual figures v\ e get : — 

(35 -4x3,542, 160)+(29-6x2.673.940)+(31*2xl,340, 920) 
~ ^ 3,542,160+2^,940+1*340,920 ~ 

125,392, 4&4+79.l4S,624 +41, 836, 704 246,377,792 

3,M2,160+2767^0+M^^0~ “ 7,557,020 
= 32-6025 bushels. 

Case //. If we now approximate tlie figures for the 
acreage to the millions, correct to the first decimal 
place, we get: — 

(35-4 X_3*^129j^^X 2;:'0+(31^ x2:^ 

3-0 +2-7 + 1*3 

123-9 + 79-92 + 40 56 244-38 

3*5 + 2*< + 1*3 7*0 

= 32*584 bushels. 

a difference between the result obtained in Case 1. of 
only -0185 of a busbeb 

Case III. If, however, we appro.ximate the average 
jields to the nearest bushel, and work with the correct 
acreage, the result is as follows : — 

(35 X 3, 542, 160)+(30 x 2,673,940)+(31 X 1,340,920) 
3,542,160 + 2,673,940 + 1,340,920 
12:3,?r/5,b00+?i0, 213,200+41,563,520 245,762,320 

~ 3,542,160+2.673,940+1,340,920 ~ 

= 32*52106 bushels. 

a difference from the result obtained in Case I. of 
•08144 of a bushel, a much larger error than is found 
in (&), and one wliich in this case would tend to 
grow as the numbers of acres involved were increased. 
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iii. When Weighted Averages must be Used. 


(1) 'When classes of the same Group contain a varying number of items. 

As already shown weights must he used in all cases y 
when the number of examples falling into varying 
sub -divisions of the samb grouping shows considerable 
divergence, and where it is desired to obtain an average 
which is representative of the group as a whole, 
for if weights be not used under such conditions 
observations and deductions will obviously be falla- 
cious. Detailed investigation of the sub-divisions will, 
of course, always be more satisfactory, and then the 
Simple Arithmetic Average wiU usually sujfice ; but 
frequently it becomes necessary to find a unit for the 
whole which can be compared vith others, and in such 
cases the Weighted Average must be used. If, for 
instance, we desire to compare the wages earned by the 
workmen in two factories engaged in producing similar 
articles and the following data is available, then the 
only average really representative of the factory will 
be the Weighted Arithmetic Average. 


Description of Worker. 

( 

i 

Factory A. j 

Factory B. 

) 

i 

; of 

Weekly Wage ji 

p 

o 

1 WeeldyVage 


1 Employees. 

per Employee. \ 

Employees. 

per Employee. 


! 

• 

£ 5 . d. 


1 

1 £ s. d. 

Labourers . . 

: 

2 10 0 . 

320 

1 2 5 0 

Apprentices . . 

, 20 

1 10 0 ^ 

40 

, 15 0 

i 

Semi-Skilled Workers 

1 200 

1 

3 10 0 1! 

300 

o 

o 

Skilled W orkers 

1 150 

i' 

5 0 0 

11 

200 

<600 

Total . . 

620 

P 

860 

f 
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Supposing the Simple Aiitlunetic Average were used 
we find the results will be as follow : — 

£2-5+£1-.'>+£3-5+£5 _ £12 5 
4 4 


Facloty A. 


- = £3-125 


Factory B. 


or £3 2s 6d per week. 
£2-25+£1’25+£4+£5 £12-5 

4 “4 

or £3 2s. 6d. per week. 


= £3-125 


Apparently then the average wage per worker 
in the two factories is the same; but we have, however, 
seen tbab such average when multiplied by the number 
of workers would not necessarily give the vages Bill 
of the factones. and until the average wage be correct 
companson is impossible. The weighted averages will 
be as follow:—* 

Factory A. 

(£2-5x25)-K£l-5x2)-f(£3-5x20)+(£5xI5) 

25+2+20+15 

£62-5+£3+£70+£75 £210*5 

= £3 7s. lid. per w’eek. 

Factory B. 

f£2-25 X 32)+ (£1 -25 x4)+{£4 X 30)+(£5 X 20) 
32+4+30+20 

£72+£5+£120+£100 £297 ^ ^ 

= £3 9s. Id. per w-eek. 

• It will be observed that the weights have been approiunated by leaving 
out the last cipher They to^bt, without afTecting the result, have been 
approximated to hundreds, coriWt to the first decimal place 
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A marked difference in average wages is now 
displayed. Too much stress cannot however be placed 
upon the fact that while this average is that for the 
whole of the workers, it will not really represent the 
actual conditions of anj’- one class, or any individual 
worker, hut is useful only for the purposes of a general 
comparison, and is useful only in surveys of an 
industry as a whole. To study the problem properly 
we should compare the classes separately, and so 
obtain reliable information as to the actual position 
of the worker. 

(2) When Projiortions Change. 

In the same way, if Wages are increased and the 
numbers of the workers in the different classes also 
change, the alteration in the average would not 
necessarily be that anticipated. If we again refer to 
the case above, of 10,000 workmen (see page 83), and 
assume that aU the workers, irrespective of the grade 
to which they belong, received an advance of £1 
per week, the average wage would then become : — •* 

(£6 x40) + (£5x35) + (£4x25) 

40+35+25 

£240 + 175 + 100 £515 _ 

40 + 35 + 25 100 — = 

= £5 3s. 

If at the same time as the change in wages was made 
the number of skilled men employed was reduced 
by 1,000, the semi-skilled by 500, while the unskilled 
workers were increased by 1,600, the number of workers 
would be unchanged, but the average wage would 
now be : — * 

* Weights have been taken in hundreds hy dropping the last two ciphers, 
thus reducing the arithmetical work involved. In the second casp the same 
result would have been obtained by using thousands, i.e., dropping the 
last three ciphers. 
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(£6 X 30) + (£5 X 30) + (£4 x40) 

30+30+40 

£180 + 150 + 160 £490 

30 + 30 4 40 " 100 " 

= £4 18s. 

an average increase over the rate prior to the change 
of 4 9 — 4 15 = £0 75, or only 153 per week It 
can be taken as an axiom, therefore, that if the number 
of men in any class changes, or the proportion in 
each class alters, the weighted average will change 
also 

j7 CoMMERaAL Uses of the Weighted Arithjietic Average 
GenerTlly «peaking the Weighted Arithmetic Average 
enjoys the same advantages, suffers from the same 
disadvantages, and has the same uses as the Simple 
Arithmetic Average The Moving and Progressive 
Averages can, of course, be applied to the Weighted 
Arithmetic A\ erage with equal facility and usefulness 
as to the Simple Arithmetic Average, and the principle 
IS frequently used by merchants to ensure that their 
dealings will yield them an ultimate profit, though 
individual transactions roaj apparently show a loss 
The following senes of transactions will illustrate the 
method — 

TABLE G 


Table iix-usTBAxiNa tbs AfFUCATiON or the Pbocbbssive Avebaqe. 


Date 

Ao Of 

Bales 

Purcbiued 

Price per 
Bate 

AxDount 1 
PaM 1 

' i 

1 Total 
! Sale) 

1 Purebaaed 

Tout 

AmonDt 

1 



£ 

£ i 


£ 

£ 

January 1 

1 100 

2 0 

, 200 

100 

200 

' 2 0 


100 

1 ^ S 

180 

200 

380 

1 1 ^ 


50 

1 4 

1 70 

250 

450 

1 1 8 

January 2 ' 

250 

1 1 6 

I AM 

500 

850 

1 1 


100 

1 2 3 

1 230 

600 

1,080 1 

1 1 8 

January 3 

400 

1 

1 620 

1 000 

1 600 

! 

1 ^ ^ 



TyPES AKD AVERAGES. 


91 


§2.J 


As each ptircliase is made a Weighted Average is 
extended sho-vving the average cost per unit of the goods 
purchased, and from tliis progressive average the mer- 
chant can calculate the price at which he can sell the 
goods, or part of them, to ensmre a profit. In the 
foregoing example, after the merchant had made his 
first purchase, he could not sell any of the goods under 
£2 per bale, unless he made a loss, but after the second 
purchase had been made he could afford to seU the 
whole of his 200 bales at £2 per bale, and then make a 
profit, while his third pmchase brought the average 
cost per bale down to £1‘8, and therefore a sale made 
at anything over this figure would yield him a profit. 
This system would have to be adopted for every 
commodity separately, and is particularly suitable 
when dealing on a fluctuating market. The same 
procedure is also frequently adopted on the Stock 
Exchange by Speculators who desire to snatch a 
profit where a loss seems imminent. Supposing a 
purchase is made of 1,000 shares at 30s. per share in 
anticipation of the price rising and being able to sell 
at a profit, but the anticipation is not realised, and 
instead of advancing, the price fell steadily, thus not 
only is a profit apparently impossible, but a loss 
seems inevitable. Let us assume that the shares 
’ fell to 25s., at which price a further purchase of 2,000 
shares is made. The average cost per share of the 
3,000 shares would now be : — 

(£1-5 X 1,000) + (£1-25 X 2, 000) _ £1,500+2,500 
siOOO 3,000 

= £1 6s. 8d. 

so that if the price subsequently advanced to 29s. per 
share, they could be sold to yield a profit of 2s. 4d. 
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per share, or a total profit on the whole of the 
transactions of 2s 4d + 3,000 £350, although 

the SeUing Pnce did not rcacli the figure at wluch the 
first 1,000 Shares wore bought 

Such a Progressive Weighted Average would enable 
many a Trader to increase his business by adjusting 
lus pneos to market conditions It might be argued 
that the compilation of such records takes time, but 
on the other hand most business men use the svstem 
in some form or another, and the only additional 
thing, therefore, is to do it sjstomatically, instead of, 
as IS the general rule now, when tJio market is moving 
rapidly against the operator If it were alwajs 
available, transactions might bo earned out success 
full) jn the face of severe competition, when 
competitors had not the same data available 

(c) The Descriptive Average 

If the data on which wc arc working are not exact, 
or are incomplete, it follows that the averages compiled 
from such data will contain on unknown and immeasur 
able error Tlus happens when 100 Workers are 
described as each earning between £3 10a and £4 per 
week, and wo assume the average wage to be £3 15s 
which mav bo entirely incorrect, as we have estimated 
the numbers receiving varjing rates of pav as being 
equal, whereas thej may vary considerably Such an 
average may bo described as a “Descriptive 
Average/* and it is then known that it cannot be 
relied upon for further working It, however some 
times becomes advisable to obtain a descnptivo 
average as a guide — but as a guide onl) — to var5ang 
conditions, and the method of obtaining it is illustrated 
in the following example — 
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What is the “average” wage of 75 workers, of whom 
10 earn 10s. or less per week, 20 earn over 10s. 
and not over 20s., 30 earn wages exceeding 
20s. and up to 30s., and the remaining 15 earn 
over 30s., hut not over 40s. ? 


It is necessary to assume that the wages are evenly 
distributed over the groups in the first 

group the first worker receives Is., the second 
2s. and so on), and the average rate received 
by the men in the first group of ten men would 


therefore be 


1 +2 + .. 
10 


+ 10 

= 5.5s., and we 


assume that each group receives the same 
average plus the number of units of the differ- 
ence of the wages between the groups (in this 
case 10s.), by which the wages of the succeeding 
groups exceed the first gi'oup. When this is 
done we get : — 



(a) 

' <S) 

(C) 


M 

Group 

j 



j 


No, 

1 lute of Wanes. 

j >*o. of men 
i In Group. 

1 

1 

Wegiis. 

Wages In Units 
1 Ol 103. 1 

1 

Product Of 
columns (&) 
and (d). 

I 1 

1 IDs. and less 

! 

! 10 

B. 

eav 5*5 

i 5-5 + 0 

0 

2 ' 

j Over lOs. and not 

I 


1 

i 


i 

i exceeding 203-. • 

I 20 

5-5 + 10 

! + ^ 

20 

3 1 

' Over 203. and not j 

f 





exceeding 30s,. , | 

30 

.6-5 + 20 

i + 2 

60 

4 1 

Over SOs. and not j 

i 




1 

i 

exceeding 403, , , i 

: 

5*0 30 

i = 

45 


‘ . 1 ! 

I 75 i I I 123 


Columns (6) and (e) are then totalled, and the following 
is the formula to find the average ; — 
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Assumed average of first group 


+ 


^Total of column {e) 
^Total of column (6) 


of the unit of increase | 


so tliat in the above case ave get : — 

6 5+ of lOs j = 5 53 + 16 6s. = 22s. 2d. 

If the numbers m column (b) are large, then we can 
use approximate numbers m place of the actual numbers 
without matenally affecting the result Thus m the 
example given abo\e the numbers in column (6) might 
have been approxuaated to 1, 2, 3 and 1’5 respectively. 


It will thus be seen that the Descnptive Average 
IS a combination of the Simple and the Weighted 
Arithmetic Average Tlie Simple Aritlimetic Average 
IS used to obtain the basic rate for the first group, 
and the Weighted Arithmetic Average for obtaining 
the amount to be added to this basic rate to obtain 
the Descriptive Average It will be observed also 
that the whole of the data is of an indefinite nature 
and that the assumption has to be made m obtammg 
the basic rate that the workers are paid, not by a 
flat rate but in an arithmetic progression Obviously, 
therefore, the result cannot be relied upon, but still 
IS useful for comparing results when the data in each 
or aft cases are equafty mdelmitc. 


§3 — The Geometric Average. 

There is also the “ Geometric Mean,” or Average, 
which is found m the f ollowmg manner : If the number 
of items in a senes = n, we multiply the itemsjiogether. 
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^and extract tl^ ?ith root of the pr^uct. It is difficult 
of~caIculaffdh, and of Em “involves much worlF^even 
when the aid of Logarithms is invoked. This average, 
however, possesses one great advantage over the 
Arithmetic Average in that it tends to nullify the 
sHectejwhich items of verj'^ large magnitude have~upon 
the Average, and this is important when such extremes 
are few in number as compared with the remainder 
"onEe data. If;'f6Finsfance, it be desned to ascertain 
the average of the magnitudes, 2, 3, 4, 5, 6, 7, 8, 9, 10 
and 181 we find the Arithmetic Average would be 

2 + 3 + 44-5 + 6 + 7-1-8 + 9 + 10 + 181 
_ = 23-0 

a result which cannot be said to be in any way 
representative of the magnitudes involved, for it has, 
as it were, been pulled away from the bulk of the 
data by the one very high magnitude at the upper 
extremity. The Geometric Average would give us 
the following ; — 


'^2X3X4X5X6X7X8X9X10X181 = 7-6164 

thus bringing the average within the range of the 
majority of the examples in the data, and so maldng 
it more representative. The Geometric Mean is 
always lower than the Arithmetic Average. 


Owing, however, to the difficulties of calculation, 
and the fact that unless some of the extremities 
are of considerable magnitude, the results vary but 
little from those obtained from the use of the Arith- 
metic Average,* it will not be used in Commercial 
work to any extent. 


* This fact will be found demonstrated m the Table on page 251. 
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§ 4 — Median 

(a) Arraying the Data 

K a number of similar objects are placed side bj side 
in order of their magnitude (t e , the smallest on the 
left and the largest on the right, or vtce tersa), they 
are said to be ** Arrayed,** and the middle example of 
the arraj is loiown as the “ Median,** and may be 
said to be that item whose magnitude most closely 
corresponds to the magnitude of all the other examples 
in the arra\, when such examples are numerous 
Diagram No 1 (see pagel42)show9 eighty items, ranging 
in size from 1 to 70, arrayed, and the sizes may repre- 
sent an'v data desired The centre item is the Median 
In such a diagram the 6ize of any item is easily ascer- 
tained by reference to the vertical scale This 
example is a verj simple form, but frequently our 
information is not so definite, and our examples 
have to be grouped as falling within certain limits, 
80 that to plot the'se accuratelj is impossible, as the 
size of the items m the different groups is only known 
to be within certain limits, and hence the magnitude 
of the Median cannot be accurately determined 
When the number of examples is an even number 
the Median does not actually exist, but Is deemed to 
be fixed midway between the tno middle items, so 
that in the above example the ^ledian is half iniv 
between the fortieth and forty-first items 

(b) Frequenc} Tables 

Indefimte data is illustrated m the followmg case 
There is a group of 261 workers, and of these 50 earn 
not more than lOs per week, 70 earn over 10s but not 
exceedmg 12s , 60 earn from 123 to 14s , and 81 take 
from 14s to 16s , and it is desired to ascertain nhat is 
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the probable wage of the Mediau example. We first 
compile what is known as a “ frequency Table," which 
is constructed as follows ; — 


Group 

No. 

1 (a). 

(6). i 

(c). 

1 

. .Amount of Wages. 0 ) 

j Number of Workers | 
' receiving such Rate 
of Wages. (2) i 

Cumulative 
Numbers. (3) 

1 

. Not exceeding 10s. 

i 

50 

50 

2 

' Over 10s.. but not exceeding 12s. 

70 

120 

3 

1 Over 123., but not exceeding 14s. 

60 

180 

•t 

' Over 14s., but not exceeding IBs. 

81 

261 


(1) Column (a) may be described as the “Size” of the data under con- 
sideration. 

(21 Column (6) gives the “ Frequency,” i.e., the number of the particular 
size under review. 

(3) When Columns (a) and (6) only are gix’en, the table is known as a 
Frequency Table, but when column (c) is added it becomes a Cumulative 
Frequency Table. 


From the data given in columns (a) and (6) we cannot 
obtain the Median by inspection, and hence it is 
necessary to re-group the classes by taking the Cumu- 
lative Frequency as shown in column (c), from which 
we obtain the information that there are 120 workers 
earning varying sums of not more than 12s. per 
week, 180 take anything not exceeding 14s. per week, 
and so on. The Median is the 131st case, i.e., 

n-\-l 261 + 1 ,oi .q -u n + 

— L — = = 131 ; and wul now be seen to 


be in group No. 3, i.e., the group in which the 
workers earn sums varjdng from 12s. to 14s. per 
week, and is the eleventh case of that group. We 
therefore know that the particular individual earns 
between 12s. and 14s. per week, and if it be desired 
to ascertain what is the approximate amount of his 
earnings it is necessary to assume that the “ CiiASS 
Interval ’’ (i.e., the difference between the highest 
wages in the class below the one in question and the 



IChap IV 

98 STATISTICS AND TnElR APPUCATIOS TO COitMERCE 

lowest of the class above) is spread evenly over the 
workers m the group. This is known as “ Interpo- 
lation.” 


(c) Rule for Calculating the Magnitude of the Median 
The eammgs of the Aledian man may no\\ be 
estimated to be • — 

Tlie highest amount received in the group below 

( Median number — Total number \ 

of cases to end of class below of the class! 

Number of men in the class m interval I 
which the Median IS situated / 


Apply this to the data we get — 
/131-120 


12s + 


60 


of 2s 


) = I23 +gof2s) 


- 12s -f 4 4d = 12s.4-4d. 

A simiiler formula than that given above would bo . — 
Tlie highest amount received in the group below 
/Position of Median in group 

containing it of the class 

^ Number of men in group con- interval 
taming the Median 


+ 


ue , 12s -b 




which gives the same result as above 


(d) Quartlles. 

Tf we decide to divide the array further Tve can take 
the items placed midwaj between the Median and the 
extremes, t e , w e divide the array into four parts. 
The units which so divide the array into four equal 
partsareknownas“Qiiartiles.** In the Diagram No 1 
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(page 142) the items 20 and 60 will be the Quartiles, 
the former, which is between the lower extreme and 
the Median, is known as the “ Lower Quartile,” 
while the latter being between the Median and the 
upper extreme is called the “ Upper Quartile.” 


Like the Median, the Quartiles are merely represen- 
tative. They are easily ascertained from a graph, 
and their position can usually be ascertained by 

/ ^ I - 

calculation, i.e., The Lower Quartile = ; and 


the Upper Quartile = j ; but when our 

data is in the form of a frequency table it is better to 
locate them in the same manner as the Median. In 
the foregoing Frequency Table the Lower Quartile is 
the 65 ’6th case, and is between the fifteenth and the 
sixteenth items m the second group, which contains 
seventy cases. Its magnitude therefore is : — 


10s. -f of 2s. ^ 


= 10s. + 5’314d. = 10s. 5-314d. 


(e) Deciles and Percentiles. 

An array may also be divided into Tenths, in which 
case each of the tenth items is known as a “ Decile" or 
iuto hundredtlis, in which case the representative 
items are called “ Percentiles." 


(f) Advantages of the Median. 

i. It is usually an actual example from the data 

under review, and so is often more representa- 
tive than the Arithmetic Average. 

ii. It is capable of exact location. 
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lU It can be obtained by inspection 

IV It IS not affected to any material degree by the 
magnitude of the extremities of the data under 
revieiv 

V It can be ascertained \nthout knovsing the 
magmtude of the extremities, provided the 
number of cases is known 

VI It IS capable of being pliysically measured 

vn It can be obtained with reasonable exactitude 
nhen data falls into groups or classes, the 
hunts of which can be defined, tbongh the 
items in such groups or classes are incapable 
of exact measurement 

(g) Disadvantages of the Median 

1 It IS incapable of measurement by any simple 
mathematical formula 

u The data must be arrayed before it can be 
located, an operation which often entails 
considerable wotk 

m The aggregate of the items under review cannot 
be obtained after it has been measured and the 
total number known, as is the case mth the 
Anthmetic Average 

IV It cannot be used for further work mvolving 
mathematical calculation 

\ If the items in the array vary very greatlv in 
magmtude it may not be truly representative 

(h) Uses of the Median 

The Median is of great utility for comparing data 
which it is impossible or difficult to measure individu 
allj, and which have to be grouped within certain 
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defined limits. It is particularly useful therefore when 
considering social phenomena or conditions of aU kinds 
such as Wages (from an Abstract pomt of view) ; 
the Distribution of Wealth, Ability, etc. From a 
Commercial point of yiew, however, it will probably 
be considered too indefinite and too isolated to be used 
to any great extent, for the magnitude of Commercial 
da.ta will usually be very widely dispersed owing to 
the difference which exists in the element of manage- 
ment,' and hence the Median may not be truly 
representative. 


§ 5. — The Mode. 

In data of all lands, and particularly in those 
relating to natural phenomena, it is found that some ^ 
particular type or magnitude is constantly recurring, 
so much so that after proper investigation has been 
made it can be said what will be the most likely type 
or magnitude to be met with when fui*ther samples 
are taken. In other words, if the data rnider review 
be arrayed in order of magnitude, there will be found 
a predominating group of the same, or approximately 
the same magnitude. This is illustrated in Diagram 
No. 1 (page 142) w^here it wiU be seen that of the eighty 
items therein arrayed there are ten (ie,, one-eighth of 
^the whole) which are uniform in magnitude, while the 
other seventy items vary in size from 1 to 70. The 
items in question are those numbered from 40 to 49 
and are of size 40. If we were to shuffle the whole 
of the items comprised in this array, and pick out an 
item at random, it is obvious that we shall have ten 
times more chance of securing one of the size 40, than 
we shall of drawing an example of any other size. 
Such predominant items are known as the “ Mode ” or 
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“ Norm,’ which may therefore be defined as the 
predommant kind, type or size of item, or the position 
of greatest density When, we speak of the “Average 
Man” ne really mean the type of man who is most 
likely to be met with, seeing that we cannot convert 
abibtj , personality or character into arithmetic terms, 
and it would therefore be better m many nays to refer 
to him as the “Modal Man,” rather than as the 
Average Man 


(a) Method of Locatiag the Mode 

When items are arrayed, or when data is presented 
in the form of a diagram as in Diagram No 1, or m 
the form of a curve or graph as m Diagram No 2 
(page 144), the position of the Mode is easily distinguish 
able from the fact that when numerous examples of 
one magnitude are present the array “ flattens out,’ 
a process clearly seen in Diagram No 2 It freq.uently 
happens, however, that magnitudes vary but httle, 
and that the number of examples of several magnitudes 
may be almost equal, and in such cases it is more 
difficult to locate the real mode by inspection It 
then frequently becomes nece'^sary to spht the array 
into groups contammg vanous magnitudes, and con- 
tmue the process until one group stands out pre- 
eminently This enables the Modal group to be identi-* 
iied, though even then the Mode itseli can olten only 
be approximately located, though the limits or error 
are u^sually very small 

The foUoving Table shows the method of regrouping 
Column (a) shows the size of the items, and {b) the 
frequency, or the number of items of each particular 
Size 
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It Arill be f^ocn from Column (b) that- no itom has such 
a frequency tljat it stands out pre-eminently, though the 
item of size lo or 18 ■'nth 51 examples Avould appear 
for tlie moment t-o be the Mode, but as the frequencies 
of many of the items arc so similar it is necessary to 
ascertain more definitely if our fii'st inspection is correct. 
We shall therefore group the items into fresh classes 
Avith a view to ascertaining if any other factor is 
likely to show a greater predominance. Column (c) 
shows the number of examples in the new groups, 
c.g„ it will be seen that there are sev^enty-two examples 
in the group composed of those items of sizes 10 and 
11, and so forth. The process of grouping the items 
in pains is continued in column (d), bnt sizes 11 and 12, 
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13 and 14, and so on would be combined, thus each 
of the onginal classes is combined with that before 
and after it In column (c) the Mode would appear 
to be m that group which contains items of the sizes 
of 18 and 10, as there are 100 examples in this new 
gioup, but in column (d) the largest group is seen to 
be that of sizes 15 and 16, and as the location vs still 
no clearer it is necessary to regroup the data This 
time we combine three of the original classes, starting 
with the first three The result is seen in column (e) 
Column (/) IS then prepared, again grouping in classes 
of three, and this is done bv shifting the limit of the 
group one class down, and the process is repeated m 
constructing column (gr) When we group two classes 
together we do so twice, moving the upper limit of the 
group down one class the second time, and when 
grouping three classes we do so three times m all, 
proceeding in a similar manner by slnftmg the upper 
limit down one each time In this way we group each 
item with those precedmg and succeeding it in such a 
way that every combination of grouping possible is 
used Supposing we desire to group the item 5 with as 
many groups as possible we get the following com 
binations — 


Grodp 

iincluduig 

"Two Items | 

Three items ' 

fouritems ' 

'S'lve Items 

4 5 

6 6 

! 3 4 5 

4 6 6 

6 6 7 

8 3 4 6 

3 4 5 6 

4 5 6 7 

5 6 7 8 

1 2 3 4 5 

" 3 4 5 6 

3 4 5 6 7 

4 5 6 7 8 

5 6 7 8 9 

No of 

Groups 2 

possible 

8 

. 4 1 

! 
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If no group is predominant after grouping in threes 
it will be necessary to group four classes together four 
times, and so on till we get a predominant group, 
though it must be borne in mind that each time we 
find it necessary to bring another class into the new 
group we are making the location of the Mode more 
approximate. In the example under review we find 
that columns (/) and (g) show groups which are 
distinctly larger than the others, and moreover, the 
largest group seems to centre on the same spot. An 
analysis will show which class will appear constantly 
in the maximum group. This analysis can be prepared 
as follows : — 

Items comprising maximum groups in each column shown : — 

18; 

18; 19; 


Col. (6) 


15; 


(c) 




(d) 


15; 

16; 

(e) 

1.8 : 14 : 

16; 


(/) 

14; 

15; 

16; 

(9) 


15; 

16; 


17; 

It will at once be seen from such an analysis that the 
item of size 15 appears in the maximum group five 
times in six cases, and we therefore assume that 15 
is the Mode of the items under review, a fact which is 
confirmed if further grouping be carried out.- in 
other words if other examples be collected we shall 
expect size 15 to be met with more often than any 
other magnitude. Quite frequently we caimot Iccate 
the Mode so definitely as two sizes may constantly 
recur in the maximum groups, and in such casss, while 
the exact Mode cannot be ascertained, it is posstble to 
define the limits within which it will occur. 

The above procedure is applicable wisi me dat£ 
is in the form of a Discrete Series, but in a Cmttnr cm 
Series it only locates the class which contains me Inoic;. 
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(b) Advantages of the Mode. 

i. Like the Median it can often be obtained by 

inspection, an advantage which the Arithmetic 
Average does not enjoy. 

ii. Except when the data forms a Continuous Series 
it is not only an actual case, as is the Median, 
but it has the great advantage over the Median 
that it is not an isolated example, hut is the 
'predominating magnitude, and therefore is the 
example which is most likely to occur if further 
examples he collected. 

iii. The extremes, however great their magnitude, 

do not affect the Mode at all, unless they are 
very numerous, and thus extreme variations 
are ehminated. 

iv. It can be ascertained without Imowiag what 

the extremes are, always provided it be known 
that the usual natural law relating to extremes 
is operating. Abnormalities in magnitude are, 
however, comparative rareties, and can usually 
be ignored. 

V. Like the Median it can be ascertained when data 
falls into groups or classes, the limits of which 
can be defined, though the items in such groups 
or classes are incapable of exact measurement. 

vi. It is clearly understood by the ordinary man. 


(c) Disadvantages of the Mode. 

i. It is incapable of being ascertained by mathe- 

matical formulae. 

ii. Like the Median it cannot be measured by any 

simple arithmetic process. 
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III The data must be arrayed in similar manner to 

that required to obtain the Median 

IV No aggregate can be obtained even when the 

magnitude of the Mode and the number of 
items m the array be known, and consequently 
it cannot be used if further investigation entail- 
ing mathematical calculations is to be made 

V A comparatively small number of items of the 

same magnitude may determine the Mode 
when, however large the number of examples 
under review may be. they are scattered over 
a wide range of sizes 


(d) Commercial Uses of the Mode 

The Mode has so far not been used to any extent in ' 
Commerce, probably because its functions and charac- 
teristics have not been thoroughly undeistood, but** 
since it IS the outstanding feature of reviewed data, 
and if this data has been correctly collected the most 
representatn e item is that which is most likely 
to occur if further examples of the same nature he 
collected It should thus prove a most reliable guide 
to possible results when similar work is to be done, or 
identical conditions prevail. Meteorological fore- 
casts are really based on the use of the Mode, and such 
forecasts are daily becoming more important to the 
community 

In studying Output the Mode should prove of great 
advantage By recording the Output of a number of 
similar machines engaged on the same class of work, 
it w lU be found that though the Output per machine 
vanes, there will be a certain number of machines 
giving more or less the same Output over a period, thus 
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establishing a Modal Output per machin e. Such 
Modal Output will form the basis of comparison, and 
will direct attention to the varying skill of the workers, 
or the efficient working of the machines. In one case, 
known to the writer, a factory engaged on repetition 
work increased output, and decreased the cost per 
unit of output to a considerable degree by establishing 
a Modal standard per machine, and then carefullj’- 
studying the reasons why other machines did not 
achieve similar results. This led to faults in the 
machines, methods of transmission, and lack of skill 
or care on the part of operatives being revealed, and 
incidently, hy encouraging team work, reduced idle 
time through breakdowns very materially, as well as 
the cost of repairs, since operatives immediately re- 
ported anything which tended to reduce their output, 
and defects which might have developed were remedied 
before they had an opportunity of becoming serious. 
A little extra work was naturally involved in recording 
the daily output per machine, but this was more than 
counter- balanced by the increased efficiency and out- 
put. )Such records also made it possible to estimate 
with a greater degree of accuracy the length of time 
necessary to complete certain work, or obtain a certain 
output. 

Similarly, if the time taken to perform certain 
operations be recorded, a Modal Timg . will probably 
be revealed, and this wiU, of course, represent the 
most likely time which will be taken to perform 
similar work under similar conditions. This informa- 
tion would prove of great assistance when entering 
into a contract entailing a time element, and would 
also materially aid the estimator in fixing the probable 
cost of performing certain work, or producing certain 
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goods, and thus lead to better business, more reliable 
records, and larger profits, seeing that the business 
man with the greatest knowledge and experience is 
always bound to do better than his more poorly 
equipped competitor. 
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SYNOPSIS OF CHAPTER V. 

TABULATION. 
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(n) SuDpI« 

{b) Cojnpl«s 
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4 Data to be Tabclated 

5 Tme or tss Table 

6 The Uses or Percevtaoes ahd Avesaoes is Tabclar Work 

7 Tabciatio’> or CoMitcBCiAL Data 
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CHAPTER V. 


TABULATION. 

However carefully our records are compiled, it is 
essential that they be presented to those for whom they 
are intended in such a manner as will enable them to 
make the best use of the information given, and, more* 
over, so that they will at once realise the importance of 
significant factors which appear in the data under 
review. The method of presentment is important, 
since a good cause may be irreparably damaged if 
the case be not correctly placed before the people 
interested, while a poor case may win support if the 
facts are carefuUy, logically and succinctly drawn up 
so as to excite the interest of the reader. It has 
been said that the facts to be presented do not matter 
so much as the method of presenting them, and 
this statement is in some measure true in everyday 
life, for the speed of the World’s commerce as 
conducted to-day is such that business oppor- 
tunities with their resultant profit may be lost if 
time has to be spent in an exhaustive study of data, 
which may or may not assist the business man in 
coming to a decision. The important data of a 
business must be available in such a form that they 
can be speedily obtained,, easily understood, and their 
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/ 

Significance grasped without undue study and waste 
of time “^acts must therefore be presented m such 
a way that they attract the attention, give the 
information required, and enable the results follow- 
ing on a defmite action to be foreseen and provided 
for The presentment of data has now reached a 
high standard in some of our Newspapers, the head- 
lines of which supply such information that the busy 
man is enabled to grasp the salient features of the 
news without the necessity of voluminous reading 
of details, which frequently are of minor importance 
Time IS thus saved for concentration on the affairs 
which are of more vital interest 

§ 1 — Importance of Proper Tabulation. 

In Statistical work we rely upon two forms of 
presentation, viz Tabulation of Results and Graphic 
Presentment, and both present some difficulties m 
their preparation Even when the Graphic method 
IS used Tabulation is necessary, though sometimes 
only to a limited extent, before the form the diagram 
IS to take can be decided upon The Tabulation' 
of results is really the final stage of the work of com- 
pilation, and subsequently becomes the basis for thei 
consideration, deduction and appbcation to present 
and future problems It consiste of the classification 
of the data obtained bv the inquiry, sampling] 
recording and averaging In preparing our Tables 
we must carefully consider the reason for which the ' 
data are required or have been assembled, and also ' 
the ultimate uses to which they will be put, and we 
can then decide the form the Tabulation shall take, 
in order that the information may be shown clearly, 
succinctly and yet bnefly. Tabulations must be 
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capable of being easily read, and must necessarily, 
therefore, be compact in form, and should be so 
arranged that those figures which have to be compared 
will be in close proximity to one another. This has 
already been demonstrated in Table E (page 79), where 
the information contained in column (c) was placed be- 
fore that in column [d), although the latter data had to 
be obtained before the details given iu the former column 
could be calculated. A small Table enables all these 
points to be dealt with easily, but frequently our 
data are of such magnitude that further divisions 
become necessary, and when this is the case the Table 
tends to become unwieldy, and its value is decreased 
in an inverse ratio to its size. Generally speaking, each 
Table should be definitely prepared to show the par- 
ticular point it is desired to demonstrate, for planning a 
tabular statement to enable comparison to be made 
between several distinct and differing units is apt 
to be confusing to those not well acquainted with 
the particular details under review. Care must be also 
taken to see that the units wloich are being compared 
are such as will enable comparison to be made. It 
would, for instance, serve no very useful purpose to 
show in the same statement, with the object of com- 
parison, the Output of a business and the Gross Profit, 
since Gross Profit bears no direct relationship to the 
quantity of goods produced ; but, on the other hand. 
Sales (or Turnover) can be compared with Gross 
Profit, since the latter depends to a large measure 
upon the former, though it must be borne in mind 
that profits will not of necessity fluctuate to the same 
degree as the Turnover, for even if the price of the 
commodity rises, but expenses change in a different 
ratio, the profit will not increase to the same extent 
as the Turnover. 


H 2 



[Chap. Y. 

116 STATISTICS AST) THEIR APFLICATTOlf TO C03D1EBCE. 

§ 2. — Kinds oi Tabnlation. 

We can prepare onr Tabular Statement in either 
a Simple or a Complex form. 


(a) Simple. 

Simple Tabulation is designed to supply inform a., 
tion in respect of one or more groups of independent 
inquiries. The following Table is an example of 
Simple Tabulation : — 


TABLE H. • 

XCIIBES ASD MI3CBEBSEIP OF SoCIEItI3 rNOAOED Cf TBS CO OPESAHVZ 
ULEXA'llAO OT FBODCCB. Ct SACS OF ElETEX TeABS 



Nmnber o( 
Sortclln. j 

ilMntwtJp 

1 

124 1 

9,732 


129 ' 

10,401 

3 

140 

n.943 

4 

159 

1 13.701 

S 


25.334 

6 

1 289 

40.697 

7 

, 315 

45,779 

8 

! 302 

44,201 

d 

263 

40,309 

10 

\ 248 

33.395 

11 

1 230 

38.060 


(b) Complex. 

Complex Tabulation shows the division of a 
Total into two or more categories, as in Table J 
(opposite), where the total number of failures re- 
corded in the United Kingdom are divided into those 
for the "Wholesale Trade, Rnfessions and Ketail 
Trad^ respectively. 

Another form of Complex Table is one in which 
the separate colnnms can be totalled, and the grand 
total checked by the cross-casts of the columnar 
table, of which Table K (p. 119) is an example. 

• Compiled from the “Umistiy of Labour Gatette,” 



FAixunns iuscoiidud in tiik United Kingdom ddiuno Nine Yeahs. 
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§3. — Rules for Tabulation, 

1. Extra Cohimnsmay be added, or additional Infor- 
mation tabulated, at the discretion of the compiler, 
but it must be remembered that the more minute 
the divisions the greater the accuracy of the Table 
becomes. On the other hand, every additional 
column makes the Table more difficult to read, causes 
comparison to be less effective, and is likely to lead 
to confusion of thought and possible error, all of 
which are serious disadvantages, particularly to the 
busy commercial man. 

2. The convenience of the person who uses the Table 
must be consulted. 

3. It must be so constructed as to be easily read, 
easily understood, and its figures easily compared and 
followed without unnecessary waste either of time or 
thought. 

4 . Tables which are too large, and therefore un- 
wieldy should be spht into sections, and these 
drawn together into a concrete whole by means 
of a summarised table. 

5. No Table should be of such a size that the eye 
finds it difficult to take in the whole at a glance. 

6. When deciding upon a number of columns it is 
important to place figures, which are intended to be 
compared, as near to each other as is practicable, and 
preferably in vertical formation rather than horizontal, 
for the eye has greater difficulty in traversing a 
horizontal line of figures than a vertical column. 

7. Where actual figures OTwf percentages or averages 
appear in the same Table, the percentages or averages 
should be placed in close proximity to the figures 
upon which they are based. 



TABLE rC* 

ENomn Houiis “In Tuaiitic” (iNunoi)iNo OnrAiiTsinNTAL) oir tub Companikh’ Enqinics poii Tiin Month or .Tonj:. 
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8. If Totals are the principal figures to be com- 
pared, they are best placed at the head of a vertical 
formation, or at the left-hand side of horizontal tabula- 
tion, but the reverse procedore is more advantageous 
when the subsidiary columns are those of primary 
importance, as is shown in Table K (page 119). No 
hard-and-fast rules on this matter can be laid down. 
Any departure from the practice adopted is apt to 
result in concision to the reader, and hence affect the 
value of the Table adversely. 

9. If it should happen that some of the details 
required to complete the Table are missing or can- 
not be obtained, then the total of the column from 
which such omissions have been made should either 
not be inserted, or shown in a different type, in order 
to draw attention to the fact that such total cannot 
be used for the purposes of comparison with other 
totals which are the summation of the whole of the 
data of the period or column to whicdi it relates. 

10- In deciding the number of columns into which 
the matter is to be tabulated due regard must be 
given to the relative importance of the different 
data, and the ruling of the Table should dt^ely 
follow this relative importance. The principal sec- 
tions should be divided by heavy or multiple rulings, 
and the breadth of the ruling should vary with the 
importance of the sub-divisions. 

11. It will frequently be found that some of the 
data do not fall within the divisions decided upon, 
and in such cases a “ Miscellaneous column becomes 
a necessity, but care must be taken to see that these 
examples are not of a widely varying nature, as other- 
wise footnotes and references will be necessary, and 
if this happens the Table is not sufficiently self- 
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contained to give the best results. When the Mis- 
cellaneous items varj'' in character and are numerous, 
it is better to make a subsidiary table for all such items, 
and tabulate them in such a manner as will obviate 
the necessity for notes and references to explain them. 

12. The divisions into which the matter is divided 
should be of such a nature that the data are adequately 
distributed over them, for a Table showing some 
columns full, and others mth numerous blank sj>aces 
is apt to be confusing to the reader, therefore divisions 
which contain regularlj'- recurring data should be 
placed together, so that others where the data is 
irregular in its occurrence do not intervene. 

13. Care must also be taken to “range” the columns, 
i.e., place millions under millions, thousands under 
thousands, and so on. This makes the Table more 
readable, and aids comparison and computation. 

14. A number of length}^ columns of numerical 
data containing a large number of digits in each 
individual number should, whenever possible, be 
avoided, and thus approximation should be used, pro- 
vided that the data does not lose any of its value 
in so doing ; for example, it would be unwise to 
approximate the figures when the Tables are intended 
to be used for reference rather than for drawing 
reasoned conclusions therefrom. 

§ 4. — ^Data to be Tabulated. 

Having settled the object for which the Table is 
to be compiled, the next point to be considered is 
whether we shall tabulate the actual figures, or express 
them as ratios or averages, and this can only be 
decided by a careful consideration of the data and the 
object for which they are being used. The Output 
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of a Factory, the Tumoverof a Business, the Imports 
or the Exports of Goods, the Goods carried by Vans 
or Wagons, are all examples where the actual figures 
would be used in tabulation. The Profits of a Com- 
pany, the Dividends paid to Shareholders, the Number 
of Hours engaged on Productive Work would always 
he better expressed m the form of percentages or 
ratios, while the Weight of Goods carried per Van or 
Wagon, the Output of a Factory for each unit of time 
are cases where averages can be employed to greater 
advantage than any other form of figures. If, how- 
ever, the Tables are to be used for further tabulation 
or inquiry rather than for comparison, the actual 
numbers should always be shown, even if they are 
approximated to a degree which does not affect the 
inferences to be drawn therefrom, in order that any 
further inquiry considered necessary or advisable can 
be earned out easily and correctly. When figures 
are large, and comparison consequently difficult, extra 
columns should be added, so that the percentages, or 
ratios which the items bear to the total, or the averages 
prepared on the lines laid down, may be shown. This 
is illustrated in the following Table : — 

TABLE L.« 


Fstioht Train Trattic ok Bbitiso Raxl'ctat? rob the Month or Joke 



Cotnpjled from the Ministry of ^Ensport’s Monthly '* Railway Statistics ’’ 
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When it becomes necessary to use actual figures, 
and these figures not only contain numerous digits, 
but are also large in number and tabulated in various 
columns, the difficulty of tracing the items on the same 
lines in such a compact mass of figures becomes very 
great, and the consequent confusion detracts con- 
siderably from the value of the table, and, moreover, 
the resultant tabulation does not appear attractive 
even to those whose business it is to studj^ such returns. 
The Table shown on p. 124 is a summary of the Bank 
of England Return for fourteen weeks, in the form 
then presented by the Economist. 

This Table is fahly easy to read, as the number of 
columns and the items are not very numerous, but as 
the number of columiLs and/or the number of items 
increases, the difficulty of reading the Table becomes 
greater and its value therefore less. Much, however, 
can be done to improve such masses of figures by care 
in the printing of them — ^by slightly widening the 
columns, by heavier division lines, and by leaving 
a blank space after each few lines (say after those 
figures relating to each month, or after every fifth 
line). The Table would then appear as on p, 125, and 
it will at once be seen that it is not only more readable, 
but its appearance is much more attractive. 

The compiler must, liowever, study his problem 
carefully, and plan his table to meet the particular 
needs of each situation. A draft of the form should 
always be prepared before proceeding with the work 
of inserting the figures. 

§ 5. — Title of the Table. 

Having decided the use to which the Table is to be 
put, and the figures to be used to obtain the desired 
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lt>), 344,641 137,040,120 1)0,610^030 100,670,200 16e)000 out 34 046,423 
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result, the nest point of importance ^11 be the Title 
of the Table. Since the principal idea in preparing 
Tabular Statements is to place data before people 
who have taken no part in their preparation, it is 
above all things necessary that the Table be entirely 
self explanatory^ and for tins reason great care must be 
esercised in the choice of the Title. This must be 
brief, but not so brief that its meaning becomes 
obscure or ambiguous. Due attention must also be 
paid to the Headings of the sub-divisions and columns, 
and when these are clear and well defined no 
direct reference need be made to them in the main 
title. The Title should therefore be wide in scqpe.-as- 
well as clear in meaning. Wlierever possible, the 
sub-divisions should T>e arranged in vertical form, and 
follow some well defined and easily understood order, 
e.g., alphabetical, geographical, size or merit; the 
horizontal columns being utilised for umts of measure- 
ment, when these are present. This form cannot, of 
course, be always followed, but experience will always 
indicate the form of Table most suited to the needs 
of the particular business. 

In the general arrangement of the Table much can 
be done to assist the readw by the careful selection of 
type matter. The main heading should preferably 
be in the Roman type, and the size of the type used 
should vary with the importance of the division, 
and sub-divisions, all headings of eq^ual importance 
being printed in the same style and size of type. 

The Tabular Statement on page 127 pays due atten- 
tion to all these points, and may therefore he taken 
as a model. 

Generally speaking, a Typewriter is not suitable for 
tabulated statements, owing to the fact that the style 
and size of the characters is fixed to one type ; but 



TABLE O.* 

Total Ton-Miles of the British Raihvav Companies for tub BIonth of June. 
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where the Tables follow a pre-arranged form, and the 
form IS a printed one, the Typewriter may be used 
with advantage m ftllmg in the printed form — ^particu- 
larly as by means of a Tabulatmg attachment the 
figures can be correctly ranged, t e , unite under umts, 
tens under tens and so on An adding attachment will 
also save much time m checking Totals There is, 
howe'ver, one typewriter which is extremely suitable 
for Statistical work This is the ffamwond Fctnott/per, 
which has instantly changeable type faces, so that 
varied kinds of type can be used on the same form It 
also embodies an arrangement whereby the spacing 
between the letters can be varied, m order that ten, 
fifteen or eighteen letters to the inch may be wntten 
These two factors permit its use for even the most 
intricate Tabular work, as the writer has proved in 
actual practice 


§ 6 — The Uses of Percentages and Averages 
in Tabular Work, 

In commercial statistics percentages will play 
a very large part, for smce they are obtamed from 
the condensation of large masses of data, seldom 
consist of more than three figures, and more generally 
two, it follows they are more easily read, and their 
significance and importance are grasped more qmckly 
than would the figures upon which they are based 
They enable comparison of vanous factors to be 
earned out easily, provided always that such factors 
are capable of comparison It will usually be found 
advantageous to mcorporate the percentages m the 
table with the actual fluxes, and thus ensure that 
wrong conclusions cannot be drawn. 
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The follo-Rdiig table showing the daily sales of four 
branches of a commercial house for a week, enables 
two percentage calculations to be made, viz., the 
percentage of sales for each Branch,and the percentage 
of daily sales, both of course based upon the total 
sales of the whole period. 

BBANGH SALES for the Week ended 10th Febedahv. 


Day, 

Oilori 

Bristol. 

Norwich. 

Derby. 

Total. 

Percentage 
of Dally Sales 
to Total. 


£ 

£ 

£ 

£ 

£ 

Ill 

Mon., 6th Feb. . . 

500 

200 

360 

150 

1,200 


Tues., 6th Feb. . . 

400 

260 

150 

175 

975 


Wed., 7th Feb. . . 

360 

276 

400 

125 

1,160 


Thurs., 8th Feb,. . 

660 

226 

426 

130 

1,330 


Fri., 9th Fob. . . 

200 

250 

376 


995 


Sat., 10th Feb. .. 

600 

300 

150 


1,200 

In 

Branch Totals . . 

£2,600 

£1,600 

£1.850 


£6,850 

100 

Percentage of Branch 
Sales to Total 

36-49 

21-89 

27-01 

14-61 

100 



Such a statement is useful for comparing the ratio 
of daily sales, and also the total Branch sales. It 
can be extended over any period it is desired, and 
steady diminution in the percentage shown by any 
Branch would show that it was either falling off, or 
not sharing in the general progress. Thus mvesti- 
gations would be set on foot with a view to discovering 
the reason for the state of affairs revealed. Similarly, 
steps could be taken with a view to increasing sales 
on those days when sales were regularly lowest, such as 
special offers on such days, extended advertising, etc. 
While not showing all the details in percentage form, 
yet the percentages themselves supply a better guide 
to the real position than do the actual figures, for 
the ratios are not easily seen except by a trained 
mathematical observer. 


I 
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'U’hene'ver calcnlations are necessary, great care 
should be exercised m checking the correctness of each 
stage of the 'work, preferablv by some person other 
than the one who made the ongmal calculation, for 
if errors be discovered by the reader of the Table 
doubt IS thrown upon the whole of the Table, and its 
utility IS destroyed or greatly impaired. It is particu- 
larlv necessary to see that percentages are correctly 
worked, and averages prepared upon the correct 
bases. Alternative checks should be used whenever 
posiSible When workmg percentages of various items 
of the same ba«;e the calculations can be checked by 
adding the percentages, since they should collectively 
amount to 100 per cent , for instance — 


BnacA. Asioat at Tammt Pmestm at TeUL 


A 

B 

C 

D 


Total 300 000 100 


i Fer Cat. 

60000 SO 

T5 000 S3 

1*0000 40 

45000 I 15 


It must, honever, be remembered that when the 
percentages are worked out to fractions, and decimals 
are used correct to a defined place, it may happen that 
the result will not exactly equal 100 per cent,, though 
it will alu B,ys be mthm a verv small fraction thereof 

If, houever, the ba«ies upon which the percentages 
are calculated vary with the different items, no 
such result can be obtained, so care must be taken 
to see that an error is not made by “ taking the 
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average of an average.” This is illustrated in the 
foUovdng example : — 


Blanch. 

Tnino-cei. 

Expenses, 

Percentage of Expenses 
to Turnover. 


£ 

£ 

Per Cent. 

A .. 

60,000 

36,000 

60 

B .. 

75,000 

60,000 

80 

C .. 

120,000 

90,000 

76 

D .. 

46,000 

^30,000 

66-66 

Total . . 

300,000 

216,000 

72 


To obtain the percentage which the total expenses 
of the business bear to the total Turnover it is necessary 

to work with the totals, t.e., X 100 = 72 per 

^ 300,000 

cent., whereas a careless non-mathematical worker 
might add the percentages together and divide by the 
number of items, i.e., 60 + 80 + 75 + OOf __ 


per cent., a result which is entirely wrong, and which 
if used for subsequent work would lead to further 
serious errors. 

Commercial men frequently use statistics for the 
pmpose of maintaining or increasing sales, and in this 
connection probably the percentage statement com- 
bined with the actual figures is the simplest form in 
which to present to the Sales Staff the result of their 
labours. In many fields of salesmanship at the 
present time individual salesmen or branches are 
allocated a “ quota ” of business to be done. Such 
quota is fixed more or less scientifically, following an 
investigation of the nature of the area covered, the 
possible purchasers, the business previously done, and 
the ability of the representative. The following table 
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prepared monthly mil show exactly what is bemg done, 
and the salesman can see whether he is selhng the 
proportion of the goods necessary for him to reach his 
quota at the end of the year — 

SALESHAfTS (OR BRANCH) STATEMENT OF BUSINESS 
Foa MOKTR ENDED SIST JaNTTABT 

<tea or QaaUnr I Badsai dooa | PereeoUgs 

Sa/ewmn. Tew to dite t oC Quou. 


A 

B 

C 

D 

E 


£ * 

10 000 
8 000 
13 000 
13 000 
IS 000 


£ 

1 000 
600 


10 
6 25 


1 000 
BOO 
1 700 


83 

66 


£60 000 £5 000 8 3 


If the busmess were one where trade was steady 
throughout the year, then 8 3% of the quota is the 
average amovuit per month required to ensure success 
The above statement shows that the monthly average 
was obtamed, but that Salesmen B and I> are below 
this standard and hence would need to work harder 
A and E on the other hand are well above their 
average, a satisfactory commencement to the period 
under review 

At the end of the tradmg penod a statement on the 
foUowmg Imes would show the position at a glance — 


SALESMANS (OR BRANCH) STATEMENT OF BUSINESS DOVE 
Foe Yeab ended 3Ist Dzcsubeb 

Alt* or QaoU for 

S*Jes0u Period l 

Actwl 

1 Amonnt 

1 Abort or Below* 
1 Quota. 

i Pneeiitage 
AbOTo or Below* 
Quota. 

£ 

A 10 000 

B 8 000 

C 12 000 

D i 1‘'000 

E 18 000 

1 ^ 

1 12,000 

7 750 j 
13 000 j 
11500 1 

24 000 1 

£ 

2000 

250* 

I 000 
600» 

[ 6 000 

20 

3 125* 

8 3 

416» 

1 33 33 

£60 000 

£68 250 j 

£8 250 

13 76 
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There are many variations of such statements in 
common use. Their advantages are many and their 
use being constantly extended. 

Percentages incorporated into statements of account 
also enable comparison to be readily made, but as a 
general rule it is difficult to incorporate the necessary 
comparative percentages figures and yet maintain 
the simplicity of the table. The statement on page 132 
shows an effort to combine ease of comparison with 
clearness and simplicity, and yet give the maximum 
of information to the reader. 

It will be noticed that percentages are computed 
on two different bases, and this procedure is 
undoubtedly essential in Commercial Accounting 
work. The expenses incidental to the actual pro- 
duction of the goods, including the wages of the 
workers, and factory overhead expenses or oncost, 
should always be calculated on the basis of the 
cost of manufacture. AH matters appertaining to 
the sales, and to the general administration of the 
business will be based on Turnover. This results 
in the Net Sales being equated to 100, and all 
the percentages of expenses are calculated on this 
base. If cost were taken, then the sales would be 
in excess of 100, and the expenses of salesmen and 
others on the selling and administrative staffs would 
be calculated not upon the income of the business, 
but upon a part only of the outgoings. The 
standard percentage might be based on the average 
or moving average of the figures for a number of 
years, or it might be the results of the previous 
year or some other base chosen by the compilers. 

A series of such statements can be condensed into 
the formonpage l35, which givesimportantcomparisons. 
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A.B. &Co 


Peotit ajtd Loss Statptbnt roa Tcab kmoed 31st DzcEsiBEa, 1935. 


Ptrceouge I 
or Coit. 





P«<eQtAe« 
w XumoTtt 

!t4a- 

[arj. 

Attusti 

1«34 





Staa- 

diriL 

; Atti 
‘ 193 



Suss 

Dtduet 

Cost of Goods Sou> 

Stock of Rot Material 1st 
janoaiy, 1935 

50.000 


600,000 


100 



Porcbasee, 1935 

STOiOOO 






1 

1 

Total 

Sto^ of Raw Material 31st 
December, 1933 

320.000 

60,000 





eo 

63 41 

Cost ol Raw 3Utenal used 


260 000 




35 

3171 

Factory Wages 


130,000 




i 

437 

Maoufacturme Espeoses 


17,500 




1 

61 

Carnage on Raw 3Ut«na1 


2.600 




100 

100 

Cost or Goods 5lavu 

FACrVBED 

Dtduct 

Difference in Stock of Fin 
ished Goods 

31st December, 1935 

35,000 

410.000 






let January, 193o 

55,000 















Cost or Goods Sold 



400 000 

76 

SO 



Gboss PBonr ow Salis . 
Deduct 

Selling Expensea . . 



100.000 

10,000 

24 

4 

2C 



Actuai. PBOm ow Saixs , . 
Deduct 

4dministratiTe Expenses . 



90.000 

7,500 

20 

18 

1 



Net Paonx ow TaADcro.. 



£82 SOO 

18 

16 
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It ^tU be 8epn that in tho second year the Turnover 
increased without the Ck>st of the Goods sold increasing 
in like degree. Net profits showed a considerable 
increase although expenses also showed sharp advances. 
In the three last years the coat of production shows 
steady increases and a corresponding reduction 
in profits, as the price realised on the sales lias 
not advanced in the same way as the cost. TJiis may 
be dne to competition preventing Iiigher prices being 
charged for the goods, but the actual reason needs 
to be enquired into. In tlio last year expenses w’ere 
materially reduced and turnover considerably increased, 
thus leading to a higher rate and larger actual 
profits, although tlie cost of production still showed 
an advance. By averaging the monetary columns, 
and working out the percentages on such average, a 
standard based on the five years working could be 
obtained as indicated in the Statement. 


g 7 .— Tabulation of Commercial Data. 

The use of Statistical matter need not necessarily 
be confined to the inside work of the office, but may 
frequently be used to support arguments advanced to 
customers or prospective customers. On the opposite 
page is an advertisement taken from an American 
paper, which illustrates the uses to W'liich statistical 
records may be put. 

TYom the point of view of the Statistician the 
statement, though clear and lucid, has several weak 
points. An instance is the inclusion of the number 
of days operated by the two trucks without assign- 
ing reasons for the wide divergence w’liich appears 
in the number of days worked, as it is hardly possible 
that the time the Truck numbered 44 was not working 
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was directly attributaHe to tyre trouble, though if 
such happened to be the case the statement would be 
in order. The comparison of the miles travelled is 
also fallacious, in so far that the number of days worked 
by the Trucks was unequal, that is unless tyre trouble, 
or other troubles directly due to the tyres are respon- 
sible for Truck numbered 44 being off the road. If 


ADVEETISEMENT. 

Recently, a six months' test of solid versus pneumatic truck 
tyres was conducted by Mandel Brothers, operating a iarge do^vn- 
town dry goods store in Chicago. The test was supervised by the 
company’s chief engineer, Mr. Alfred Johnson. Two trucks were 
used. No. 44 on solid tyres, and No. 45 with Goodyear Cord Tyres on 
the rear wheels and other pneumatics on the front wheels. Both 
trucks were employed in regular city delivery work, handling similar 
loads over similar routes. The results of the test, given below, 
have caused the company to order recently several new trucks on 
pneumatics. 


1 

Truck No. 44 

(Completely 
equipped with 
Solid Tyres). 

Truck No. 45 
(Completely 
equipped with 
Pneumatic 
Tyres). 

Dltlerence 

In F.avour ol 
Pneumatic 
Equipment. 

Number of days operated 

Miles travelled . . . . ; . 

Miles per gallon of gasoline 
Repairs per mile 

Labour Cost per mile (Drivers) 
Operating Cost per mile 

130 

5,388 

5-6 

$ -0109 

S -20 

j S -353 i 

146 

6,719 

7-2 1 

S -0037 

3 T76 
$ -335 

12'3% increase 
25 % increase 
31 % increase 
47 % saving 
12 % saving 

6 % saving 


Note. The actual saving in operating cost amounted to T8 cents per 

mile. Such a reduction grows to a very substantial sum of money when 
multiplied by thousands of miles of service. 


we take the average mileage covered per day, we find 

that Truck No. 44 did — or 41-45 miles per day, 

, 6,719 , 

whereas No. 45 averaged — miles per day. 

This gives an increase in favour of the latter of 11 097 
per cent., a very different result from the 25 per cent. 
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increase sho^ in the Table. If, however, the State 
ment showed the reason for the difference in the 
number of days worked, cnticism would not be so 
likely to anse 

Tins illustration will serve to emphasise the necessity 
for careful preparation of Statistical matter, the 
elimination of all matters of doubt, and the substitution 
of data or headings which will prevent criticism, and 
avoid confusion or doubt. 
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SYNOPSIS TO CHAPTER VI. 


THE GRAPHIC METHOD. 


§ 1. — Applications or me Gbaphic MemoD. 

2. — ^The Frequency Polygon. 

3. — The Normal Frequency Curve. 

(а) Skewness. 

(б) Stnootbing the Curve. 

(c) VTien Data consists of item-s of known magnitude. 

4. — The Ogive. 

0 . — Kinds of Diagrams. 

(а) The “ Block ” Diagram. 

(б) The “ Bor ’* Diagram. 

(c) The Graph. 

(1) The Natural Scale Graph. 

(2) The Logarithmic Scale Graph. 

(d) The “ Bar ” Diagram to show Components. 

! e ) Comparisons of Arens and Volumes. 

{/) Diagrams to show three Factors. 

(g) Diagrams showing two Scales. 

6. — ^Advantages and Disadvantages or the Graphic AIethod. 

7. — ^Bdles roB Constructing Diaobams. 
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CHAPTER VI. 


THE GRAPHIC METHOD. 

To the trained mind a carefully compiled Table is of 
great value, both for purposes of reference and for 
deductive reasoning, but if Statistical methods are 
to become of really great utility to the business man 
rvbo is not a skilled mathematician, it behoves us to 
present our data and facts in such a manner that not 
only are the principal details supplied, but the entire 
meaning and trend of the data presented can bo seen 
without the necessity for long consideration and study. 
It must be frankly admitted that Tabulation falls very 
short of our Standard in this respect, for though the 
meaning can be grasped by one with mathematical 
training, it only presents a mass of figures to others. 
Tabulated statements, however carefully prepared, are 
not attractive to the business man, who finds the study 
of them tedious and involved, so that frequently it 
is necessary to call for explanations and reasonings 
from those responsible for their compilation. It is 
difficult for those not accustomed to mathematics to 
visualise conditions and results from mathematical 
formulae and data. The actual trend of the figures 
is frequently- Obscured when the data is presented in 
Tabulay/fbrm, ahd the eye is frequently tired by refer- 
ring to masses of PicrroRiAL Representation, 

nhen properly canied out, appeals to the eye, 
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and also to the mind, becau se it is practical, clear, i 
and easily understandable even by those unacquainted \ 
with the method of preparation. A statement that ' 
a series of articles are arrayed in order of magnitude 
with the smallest on the left and the largest on the right 
does not convey the same result to the mind as is 
obtained by glancing at the same facts presented in 
Diagram No. 1. While an effort has to be made to 
visualise the position when only the written statement 
is available, a mere glance at the diagram is sufficient 
to make the meaning clear, and time is thus saved 
to the busy man, while the possibility of errors 
arising from VTong impressions is also reduced con- 
siderably. A busy physician visiting patients in 
hospitals obtains a very easily-read clue to the 
progress and condition of Ins patient by a glance 
at the chart of his temperature winch usually hangs 
at the head of each bed. This chart tells Mm 
the changes wMch have taken place since Ms last visit, 
and eliminates the necessity for inquiry as to what has 
happened in his absence. The wandering of a line is 
more powerful in its effect on the mind than a tabulated 
statement ; it shows what is happening, and what is 
likely to take place, just as quickly as the eye is 
capable of worldng. The grapMc method so far has not 
been used very largely in commerce, but its utility is 
being increaringly recognised, for its advantages are 
many. '-Eew' people, however, 'are accustomed to 
read graphs, and thus do not appreciate their 
usefulness. As with Tabulation, great care must be 
taken in the preparation of diagrams and graphs, though 
they are capable of being adapted to any circunistanees' 
and needs wMch may arise. Diagram^ o. 1 shows the 
simplest possible form of diagraih. It is easy of 
compilation, requires no particulaf^^kp 'dr traiaihg to 
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construct, is easily read and understood, and the 
significance of the various factors is at once apparent. 
It is not, however, an ideal method of diagram- 
matic presentation, for it involves considerable 
work, and great care is needed in drawing the 
many lines in the data ; while if these lines become 
very numerous it would be necessary either to enlarge 
the diagram, or else draw the lines closer together. 
Both o'f these alternatives would result in the eyes 
becoming confused with the multitude of lines, the 
diagram consequently declining in value. Such data 
are always better plotted in the form of a curve, as is 
shown in Diagram No. 2. The magnitudes of the 
items are marked on the sectional paper in the same 
manner as in the first example, but, instead of drawing 
lines from the base line to the points so obtained, these 
latter are joined together by a curve, which gives 
exactly the same outline as Diagram No. 1. Owing to 
the absence of the numerous lines the varying sizes 
of the items can be traced more easUy than in the 
first diagram, and the representation is much clearer. 
Such a curve is easily plotted and drawn, and, more- 
over, if the items are more numerous than those 
shown, the horizontal scale can be adjusted and the 
curve re- drawn without the chart becoming more 
confusing or imreadable, and this is a very distinct 
advantage. Though this particular type of diagram 
or Histogram {i.e., the plotting of an array of the data) 
is not likely to be met with to any degree in the 
commercial world, the principle upon which it is pre- 
pared is an extremely useful one, and capable of 
almost infinite variations, being thus adaptable to any 
particular data or problem with which one may 
be confronted. 
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§ 1. — ^Applications of the Graphic Method. 

Before considering the utility of the graph to the 
business man it wHl be well to consider how it is applied 
to the science of Statistics, and the lessons thus 
learnt can be applied to the everyday problems of the 
commercial world. We have already seen that if we 
collect data of any description and grade them, there 
will be found a tendency for the items to fluctuate 
around a particular type which we already Imow as the 
Mode. This is true of all chance and natural pheno- 
mena. The majority of the items will be found to be 
grouped near this Mode, and as the distance from the 
Mode increases in either direction the number of iteUis 
becomes less, and, in the case of natural phenomena, 
approximate limits wthin which fluctuations occur 
can be fixed. As has already been seen in Diagram 
No. 1, and as is shown even more clearly in Diagram 
No. 2, the Mode is located in the series of data plotted 
therein, between the fortieth and forty-ninth items, 
since they are all of the same magnitude, and the 
curve “ flattens ” out at this point in the array after 
rising sharply and continuing with equal steepness. 
Experience shows that it will make no difference to 
our result if we increase the number of items under 
review, provided that those samples we have taken and 
plotted are truly representative of the whole of the 
examples. It will thus be seen that the correctness 
of our work in the early stages of the compilation 
is of supreme importance, if our deductions are to be 
of real use. 

Usually, however, it will be found that the data 
collected do not take the simple form shown in the dia- 
grams numbered 1 and 2, but many of the items are of 
equal dimensions.- When this is the case it becomes 
necessary to compile and plot a frequency table, and 

K 
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it 13 tten essential that the class interval (t e , the 
venations m the magnitude of the data) should be 
uniform Let us assume that a census has been made 
of the businesses of a particular kind of trade, and from 
the results we have selected 335 examples where the 
capital involved is the same, but the profits earned vary 
from £1 to £4,500 Here the vanation between the 
smallest and largest examples is very wide, and we 
get a great number of items between the two extremes 
varying so httle in magmtude that to plot them all 
correctly would mean a very big and cumbersome 
diagram In such cases the only thing to do is to take 
arbitrary di^nding bnes and collect the examples mto 
groups, taking care that the class interval is the same 
in each case Let us assume that the following simple 
Frequency Table is obtained as a result of such 
groupmg — 

TABLE P 

Table sBoweta Fbequbkct wmi vacs Cebtain Data ocens 

SUc of tlcia F i equ m cy 

(AmevBl c( ProQU. iKaaW ot Sztcoplai la £zefa Ocobb ) 


Kot exceeding £500 13 

£501 to £1 000 25 

£l 001 „ £1^00 40 

£l 501 £2 000 65 

£0 001 £*» 600 76 

£2 501 £3 000 56 

£3 001 £3 SOO 35 

£3 SOI £4 000 20 

£4 001 £4 500 5 


§ 2 — The Frequency Polygon 
This information would then be plotted as m 
Diagram No 3, with rectangular blocks to represent 
the numbers in each group As the class boundaries are 
chosen in an arbitrary fashion, it follows that the 
rectangular diagrams would be entirely different were 
the examples grouped with other boundanes mstead 
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of those shown If the groups were, for instance, to 
be hmited to intervals of £250, the rectangles would be 
narrower and the height of the steps would decrease, 
and if tills process were continued sufBcientl^ far a 
smooth curve would result, but such a result would 
cause nearly as much work as plotting the actual 
magmtudc of all the examples It must also be 
recognised that ■within each of the groups plotted 
a vanetj of magmtudes will be present, and therefore 
the rectangles do not present o true picture We can, 
however, approximate the result which would be ob- 
tamed bj plotting each individual item by connecting 
the outer points of the base of the diagram (i e., 0 and 
£4,500) tlirough the middle points at the top of each 
of the rectangles as shown by the dotted line on 
Diagram No 3 The resultant figure is known as a 
“ Frequency Polygont** and it will be seen that the 
area of such Polygon is approximately the same as 
that of the rectangles In the diagram under consider- 
ation the triangles outside the new figure, which are 
included in the onginal arca,roughly correspond in area 
with those now included, but which were previously 
excluded (compare 6 and 6*, c and c\ etc ), but it will 
be noticed that the triangles c and / are excluded 
entirely, and that the area of the Frequency Polygon 
IS therefore a trifle smaller than that of the area 
enclosed by the rectangles It must also be recognised 
that other items might possibly occur outside the 
hmits chosen, eg case might occur of profits amount- 
ing to more than £4,500, and if some other class 
mterval had been taken there is a possibihty that the 
rectangle for the entire group might be higher, and as 
a consequence the apex of the polygon might be above 
that now shown Moreover, if our data be truly 
representative then the collection of additional 
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examples should result in the frequency of the Modal 
size (i.e., the group in which the profits ranged from 
£2,001 to £2,600) being increased .to a greater e.xtent 
than any other group, and this would also result in the 
apex of the pol 5 ^gon being above that shown in the 
diagram. Even though the data shown in the Frequency 
Pol57gon be representative, yet it must be borne in 
mind that if additional examples be collected subse- 
quent to its construction a large proportion of such 
items will tend to fall into the Modal group, or into the 
groups immediatclj’^ adjacent to it, and hence the 
extremes vill decline in importance compared with 
such groups. 

§ 3. — The Normal Frequency Curve. 

Bearing these facts in mind, we can now draw a final 
smooth curve, and this will show what is believed to be 
the actual distribution of the profits earned in that 
trade with that particular amount of capital, assuming 
that all the examples in existence were actually in- 
cluded. This curve will be seen from the diagram to bo 
bell-shaped, and is Icnown as the Normal Frequency 
Curve, or occasionally as the Normal Curve of 
Error. In constructing such a curi’-e we endeavour 
to eliminate all accidental variations which appear 
in the samples taken and plotted, and thus obtain a 
result which in all normal circumstances might be 
regarded as the correct distribution of the data. Such 
a bell-shaped curve can be constructed for all chance or 
natural phenomena, but in other data, such as those 
apiJertaining to economic or sociological investigations, 
the examples may display such wide irregularities 
that we may find it impossible to obtain such a Normal 
Curve of Error. This would to a very large extent be 
true also of commercial data, for though two businesses 
in the same trade may be commenced at the same time, 
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With the same capital, and with the same prospects 
of success, the results may be, and often are, widely 
divergent, such divergence bemg due to one cause, or 
a combmation of znan\ causes of a varying nature, 
such as a better business position, greater personal 
skdl of the proprietor, better methods of management, 
more facilities for credit, etc 
(a) Skewness 

^Tien the Frequency Table shows that the dis- 
tribution of the data is not e\en, t e , that the number 
of examples falling into classes above and below, but 
eqm distant from the Modal Group are not approxi- 
matelv the same, then the Curve of Normal Error 
will be distorted When this happens and the two 
aides of the bell shaped curve are not s^mimetncal 
there is said to be Skewness In Table P (page 146) 
the data is distributed fairl> evenly, but had the 
frequency been as follows the curve would have 
appeared as in Diagram No 3a 


TABLE 0 


Stn of 

(Amount ot Profits ) 


rrwtBtncy 

(bomber ef Eztmpla in 
Eseli Cronp 

Xot ezceedinz £500 


13 

Ezceeduic £500 And not exceed nc £1 OOO 


I 000 

1 500 

40 

1 500 

2000 

65 

2 000 

2 500 

"6 

2 500 

3 000 

65 

3000 

3 500 

56 

3 500 

4000 

45 


4^ , 

3S 

4 500 

5 000 

16 

5 000 

5 500 

10 

5 600 

6000 

6 


The curve is xnatcnally distorted by the 
magmtude of the additional data which has come 
under review, the additional 114 examples taken all 
fallmg into groups than the Mode, without 

however, affecting its position 
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^^^^enere^ the data is regularly distributed, and 
the Curve of Normal Error takes the form of a hell* 
shaped curve, it be found that the Median \rill 
fall within the Modal Group, for it always bisects 
the area of the diagram. Hiis happens in tlie data 
shown in the Frequency Table P. The Median is the 
168th item, i.c., the 25th item in the Modal Group 
(size £2,001 to £2,500). In the data given in Table 
Q, however, the Median is the 223th item and this falls 
in the group of size £2,501 to £3,000. The result 
therefore of the skewness has been to shift the Median 
to the right, and to bring it outside the Modal Group, 
thus making the iledian less representative than it 
would be were the distribution even. Similarly, 
the Arithmetic Average will have changed, as this is 
always located at the centre of gravity in such diagrams. 
If we assume that the data in each of the groups in 
the two tables P and Q are evenly distributed, a 
weighted descriptive average can be obtained which 
will demonstrate this fact. 


1 
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1 

Kot «sc««dtng £500 

..i 250 

13 

3,250 

13 

3,250 

s 


lo£I,000 . 

..1 750 

25 

18,750 r 

25 

18,750 

3 


,. £1,600 .. 

1,250 

40 

60,000 1 


60,000 

4 



1,750 

85 

113,750 r 

65 

113,750 

B 


£2,500 . . 

2,250 


171,000 


171,000 

6 

£2.501 

„ £3,000 . . 

... 2,750 

56 

154,000 1 

65 

178,750 

7 

£3,001 

£3,500 .. 

3.250 

35 

113.750 1 


182,000 

8 

£3.501 

£4,000 . . 

.. 3.750 < 

20 

75,000 t 

45 

168,750 

9 

£4.001 

£4,500 . . 

..! 4.250 

6 

81,250 

32 

136,000 

10 

£4,501 

„ £5.000 . . 

4.750 f 


16 

76,000 

11 

£5,001 

„ £5,500 . . 
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■n • A • , , 720,750 

Descnptive Average in (a) = — = £2,151-492 

Ot>0 

-n ... . . 1,185,250 

Descriptive Average in (6) = ! — £2,639-755 

449 

The average has therefore increased by no less 
than £488-263. ■ 

In each case, however, the Mode remauis un- 
changed, but both the Median and the Arithmetic 
Average have moved materially upwards, and such 
changes would naturally result in different con- 
clusions being drawn when either the Median or 
Arithmetic Average were being used as a base for 
comparison with other data, as against those drawn 
when the Mode was taken as the base. 

It wiU be found that as a result of this skewness 
the Arithmetic Average has moved more than the 
Median, and such is always the case. The magnitude 
of the Median in Table P is : 

£2,001 + of £499^ = £2,165-14 

While in Table Q. it is : 

£2,501 + ^^of £499 ^ = £2,547-06 

a movement of £381-92 only, a marked difference from 
the movement in the Arithmetic Average shown above. 
Skewness wiU always result in the Mode, the Median 
and the Arithmetic Average following one another in 
that sequence, the Arithmetic Average being moved 
the furthest on that side in which skevmess has 
developed. 

(b) Smoothing the Curve. 

When plotting our data it is not always necessary 
to plot the rectangles first, as a point can be plotted 
which would be identical with the middle position at 
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the top of the rectangle, and thus the first thing to 
appear would be the Frequency Polygon. In drawing 
the smoothed curve caro must be taken to see that the 
curve changes direction as little as possible, and all 
irregularities should be smoothed out. The extent 
to which the smoothing will be carried will depend 
upon the data involved, and no hard-and-fast rules can 
be laid down upon the matter ; but since almost 
every smoothed diagram representing a continuous 
series will conjmence with an extremely small number 
of instances, and after reaching its maximum decrease 
slowly to zero, the curve should naturally begin and 
end on the base line. 

(c) When Data consists of Items of Known Magnitude. 

It may sometimes happen that the information at 
our disposal is of such a nature that the actual mag* 
nitudes of the examples can be plotted, and we shall 
find that if we pursue similar methods we shall obtain 
a very similar cun'e. Let us assume that the Frequency 
Table on the opposite page shows the achial profits 
earned in the 335 cases previously taken. From these 
data we can construct a Frequency Line or Bar 
Diagram as shown in Diagram No. 4. The size of the 
items (in this case the profits earned) are plotted on 
the horizontal scale, while the frequency with which 
they occur is placed on the vertical scale, and a line 
drawn from the base line to the point on the vertical 
scale corresponding to the number of cases of that 
particular magnitude which occur in the samples under 
review'. These lines are those marked a in the diagram. 
A study of the diagram makes It apparent that the 
Ulodal profit is £2,250, for there are no less than forty 
cases in the Table under review. If the law whicli 
has been enunciated above applies, as it Avill to some 
extent at least, it w'ould follow that if these are really 
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representative examples of the whole, then we may 
expect that aE other examples would follow the same 
lines, hut to guard against error in our assumptions, 
and bearing in mind that the Modal Group and those 
adjacent thereto will be emphasized if additional 
examples be coUected, we usually smooth the 
diagram by drawing a curve to allow for any 
possible contingencies. When this has been done 
it will be seen that the curve is again of a bell 
shape. In the case illustrated m Diagram No. 3 
we were aware that there were intermediate 


examples, but in this case there are no examples 

TABLE R. 

Tabie snowiNO FaEtjtrEKOY and CoiroDATivE Fbequenct or Data. 

Size ol Item. | 

Frequency. 


(Araonnt of Profile.) , 

(Kumber of Exwnples,) 

1 

Cnmnlatlre Frequency. 

\ 

£ * 




230 ' 

5 


5 

300 ! 

8 


, 13 

750 i 

10 


' 23 

1,000 ] 

15 


38 

1,250 1 

18 


56 

1,500 1 

22 


78 

1.750 1 

30 


108 

2,000 ' 

35 


1 143 

2,250 

40 


183 

2,600 

36 


219 

2,760 

31 


1 260 

3,000 

23 


275 

3,260 1 

20 


, 295 

3,500 I 

15 


' 310 

3,750 

12 


1 322 

4,000 t 

8 


330 

4,250 1 

5 


335 

4,600 1 

0 


1 335 


known which fall between those plotted, consequently 
in this case the curve must not be interpreted as 
showing the existence of intermediate examples as in 
the last case, bid only m a curve of tendency, and 
in reality the curve therefore represents the relative 
height to which the vertical lines would extend were 
the number of examples infinite. 
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The advantages of such a curve of Normal Fre- 
quency are numerous, for by its aid we can visualise 
what is happening to particular sections of trade and 
commerce, and so estimate the possibilities of profit 
from such sections. If such curves were obtainable, 
and were carefully studied by those commencing 
business, the result would be that speculation v'ould be 
to a large extent eliminated, and efforts made to obtain 
the Modal result shown by the graph, instead of 
remaining satisfied with a smaller return. This 
would tend to lead to more efficient management. 

§ 4. — The Ogive. 

Another t 3 q)e of diagram used for the considera- 
tion of data into which no time element enters is 
illustrated in Diagram No. 5, and the resultant curve 
is known as an “ Ogive.” This is obtained by 
plotting the cum/idative frequency of a series of 
observations, and in this X-’^'^ticular example the 
cumulative frequency of the profits enumerated in 
Table R {supra) have been taken. The dotted line 
shows the original Ogive plotted from the actual 
figures, while the continuous thick line is the smoothed 
curve resulting from the plotting of the data in 
question. It is usually much easier to smooth an Ogive 
than a Frequency Polygon, and the Ogive is very 
convenient for locating the Median Quartiles, 
Deciles, etc. To find the magnitude of the Median 
it is necessary to locate the number on the 
Cumulative Frequency Scale {i.e., the vertical scale) 
and draw a horizontal line from this point to 
the curve, and then from the point so obtained drop a 
vertical line to the horizontal base line (or axis), and 
the point where the vertical line intersects such base 
will give the magnitude of the Median example. By 
means of such graphs the size of the Median can be 
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accurately obtained even when the data is indefinite 
in some resiiects, and this method is easier than 
the arithmetical calculation previously explained in 
Chapter IV. It is also possible by means of a similar 
operation to that described above to obtain the 
magnitude of an}’’ particular item under review, while 
if it is desired to obtain the number of examples not 
exceeding a certain size the information can be obtained 
by raising a perpendicular from the base point 
coinciding with the limit of magnitude specified. From 
the point where this perpendicular meets the Ogive 
a horizontal line is run to the left hand margin and the 
scale there gives the number of examples. The number 
of examples in any group or combination of successive 
groups can also be obtained by means of perpendiculars 
being raised at the Upper and Lower Magnitudes of 
the groups selected. The horizontals will then give 
two points on the scale, and the difference between the 
numbers so obtained will be the number of examples 
in the groups selected. 

It will be observed that we cannot ascertain 
the Arithmetic Average of the series by inspection of 
either of the curves appearing in Diagrams 2, 3, 3a, 4 or 
5, whereas the Median, Quartiles, Deciles, or other 
similar types, are easily located and their magnitude 
measured by a simple mechanical process which does 
not lend itself to error. The Mode cannot be located 
easily on the Ogive, but would be at that part of 
the curve which is steepest. 

§ 5. — Kinds of Diagrams. 

So far we have only considered that form of data 
into which no element of time enters, but in considering 
most of the forms of commercial data, particularly 
when comparison becomes necessary, time enters into 
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the data and plays a conspicuous part, and hence our 
graphs must take a somewhat different form. Such 
Diagrams are sometimes known as “ Histori grams.” 

(a) The “Block ” Diagram. 

We have recently seen efforts made at presenting 
commercial data in graphic form, particularly in 
connection with company flotations, but so far no 
effort at uniformity in method has been made, and many 
of the diagrams are faultily conceived and badly 
executed. Diagram No. 6 is based upon the method 
used in one such published diagram, and may be 
termed the “ Block ” method of presentation. This 
diagram shows the Turnover of a business for twenty 
years from the figures shown on page 77, and though 
it is a step in the right direction, the diagram is 
clumsy both in conception and execution. It is 
difficult to read, for since the co-ordinate lines are 
obscured, the eye has great difficulty in following 
the heights of the various rectangles to the scale 
which appears on the right-hand side of the diagram. 
This scale, too, is wrongly placed, since it is always 
more convenient to print it upon the left-hand side 
of the diagram, so that anyone approaching it Imows 
before hand what the scale is. The left-hand 
side scale is more logical in every way, since we 
alwaj^s read from left to right, though when the 
diagram is a wide one it is an aid to reference 
to give also a scale on the right-hand side. The 
dividing lines between the various periods of time are 
indistinguishable in the lower part of the diagram, and 
this is also a disadvantage. This particular point may 
be overcome by showing the dividing lines in white, 
as has been done on the left-hand side of the diagram ; 
but this entails more work, and from a commercial 
point of view the diagram must be capable of speed}'- 
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as well as easy preparation Such a diagram as this 
does not lend itself to easy comparison, nor can any 
other factors be shomi on the same chart in order that 
they maA be compared with tnc mam factor 

(b) The “ Bar ” Diagram 

In Diagram No 7 ne see the same data plotted in 
such a manner as to show each year s Tnmover as a 
separate bar \ comparison of tnis diagram with 
No 6 will at once show that it is not onlv clearer and 
more distinct, but that the magmtude of the Turnoyer 
IS more ea'sily ascertainable from the scale, while the 
relationship beta een the Turnover of the various years 
IS more apparent, and os the whole diagram is more 
compact, it is more useful This type of diagram, 
whicli IS prepared on similar lines to No 1, is one 
which IS easily understandable by anyone to wliom 
a Table of figures would not appeal The flnctua 
tious however small, are clearly shown, and the 
general result is more attractive than that presented m 
the previous diagram, but it has tbo disadvantage also 
that only one factor can appea.r at one time , thus when 
comparison becomes necessary additional charts have 
to be prepared, and then laid side by side It would, 
for instance, be impossible to in'*ert the Movmg 
Average, and so elimmato the short-term fluctuations 
in Older to obtain the Trend 

(c) The ' Graph " 

It follows, therefore, that for all practical purposes 
w e are compelled to use the Curve, smee this enables us 
to obtain the best results, and, moreover, allowj space 
for other curves to appeal on the same diagram for 
companson Whichever of the three methods shown is 
U'sed, the initial w ork of plotting is the same, Iience when 
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this has been done it is as easj to draw a curve as to 
prepare Bar? or fill m rectangles In Diagram No 8 
the data appearing in the tno previous diagrams have 
been plotted to the same scale as m No 7, and the 
curve has taken the place of the bars While this 
form of diagram is, at first, perhaps not quite so easv 
to understand as the previous one, a little practice 
will enable even an uneducated person to read it 
correctlj C'lThe nses and falls of the curve tell theirouTi 
stor} , and anj one would be able to see ata glance cvactly 
what the position was gi This rapidity m grasping the 
significance of the data presented is one of the most 
important advantages which the graphic method 
possesses over tabulation, and should pro\ c of great 
benefit to a busj man desirous of being kept in touch 
with the details of his business 0 )Th e time taken in 
preparing the graph is no more than that spent on a 
tabulated statement.and, moreoaer, it can be prepared 
by anvone, provided that rules arc laid dovm for the 
purpose of guidance As a matter of fact, m a business 
liouse the Charts would be standardised wherever 
possible after the utility of the various tjqies had been 
tested, and from that point onwards the only necessitj 
would be to mark the data on such standardised 
forms, and draw the curve, and tins calls for no great 
skill Ct*? Another important advantage of the curve is 
that it shows the data as a continuous line, and thus 
is continuous in its effect, whereas by the Bar method 
Vfrtj AaVa iur a TRtrtiurfiar ■year rs ■^miwn as a sep’mrta 
entitj, which in the case of a business is hardlv to be 
conceived This c ontmuity of the diag ram gives the 
business man v^uable information as to the progress 
or otherwise of his business 

It vnll be apparent from Diagiam No 8 that the 
Curve takes up but little of the space available for the 
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purposes of the diagrara, so that plentv of room remains 
for the plottmg of factors \\lucH relate to, or affect the 
data shown in the principal cnne In the diagram 
under review the ben jear moving average as shown in 
column (d) of Table F has also been plotted to show 
the Trend and it becomes at once apparent that heavy 
though the vanous falls hove been the elimination 
or reduction of these short term fluctuations has liad 
httle or no permanent effect upon the progress of the 
business for the moving average hne moves steadilj 
upward tlxroughout tlie uliole o^ the penod This 
upvard trend is specially noticeable in the last four 
years It should be particularly noted that the moving 
average is so plotted that each point falla. in the 
middle of the period from the figures of uhich the 
average is calculated This method of plottmg an 
average should always be adopted, for bj tins means it 
IS possible to discern the periods coveied bj the 
computation in an easief manner tlian would be the 
case were the points plotted to coincide with the final 
year of the penod 
(1) The Natural Scale Graph 

This method of plottmg the actual numbers or 
results is known as the Natural Scale Method, and 
thougli it has very many valuable advantages, it 
suffers from the verj senous disadvantace that we are 
obhged to shou nses and falls of equal magnitude bj 
the same vertical distance Thus, if tlie turnover m 
any one \ear happens to be £2,000, and in the nest 
penod £4,000 we have an mcrease of £2 000, and the 
ruiwe would move up the vertical scale exactlv the 
same distance as when the turnover increased from 
£100 000 to £102 000, smee tlie actual increase m each 
case is the same, though intiie first case the mcrease is 100 
per cent , while in the second case it is onlj 2 per cent 
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of the previous year’s figures. If the turnover in the 
second case had increased from £100,000 to £200,000, 
the line would have risen fifty times the height of the 
rise shoAvn in the first case, although the ratio of 
increase was exactly the same, and therefore, unless 
care is exercised in the reading of the gi’aph, fallacious 
conclusions as to the progress may be drawn. It is 
apparent, therefore, tliat if j^ercentages were plotted 
we should perceive the ratio which the rises or falls 
bore to the base year, whicli would, of course, be equal 
to 100 per cent. This, again, is a disadvantage, since 
we frequently desire to know Avhat ratios the 
fluctuations bear to previous periods, and, moreover, 
the Avork of calculating percentages frequently allows 
errors more or less serious to creep in. 

(2) The Logaeithmic Scale Geaph. 

When it becomes adrasable or necessary to con- 
sider the ratios of increase or faU, some other method 
of graphic presentment becomes absolutely necessary 
unless the whole utility of the method is to be 
destroyed. Such presentation of ratios may, hoAvever, 
be carried out by means of a graph plotted on a 
Logarithmic Scale, and thus the advantages which 
the graphic method enjoys over the tabulated state- 
ment may be continued. If we examine Diagram No. 8 
it appears that the increases in turnover which took 
place in Years 9 and 17 are almost equal in their rises 
on the vertical scale. As a matter of fact, hoAvever, 
the increase in Year 9 was 41 ’3 per cent, on the preAdous 
year’s turnover, whereas the increase in Year 17 was 
only 23 '15 per cent, of the preceding year’s figures, a 
difference that Diagram No. 8 fails to disclose. If we 
noAv tmn to Diagram No. 9 we see that the difference 
in the ratio of increase is weU defined, the rise in the 
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crirve for the earlier penod being greater than that 
of the latter This last-mentioned diagram has been 
constructed on a Loganthmic Scale, on Tvhich the 
Logarithms of the actual numbers have been used 
instead of the real numbers themselves As is well 
known, if we add the Loganthms of two numbers we 
are actuallj multiplying the numbers themselves and 
by converting the Loganthmic answer to the natural 
numbers we obtain the product This is based on the 
Algebraic formula that wlien multiphnng two ex 
pressions we add the indices thus ar x x® a result 
obtained by adding the mdic^ of the base x Loga 
nthms are really the indices of % defined base figure 
(usually 10), and hence adding the Loganthms of two 
numbers is equivalent to addmg the indices and thus 
to multiplying the actual numbers themselves To 
construct a Loganthmic Scale we first fmd the Loga 
nthms of the numbers we desire to plot, and divide 
our scale mto such a number of equal divisions as will 
allow all the Loganthmic numbers to be included the 
Logantlimic numbers progressmg m a uniform manner 
Thus in Diagram No 9, one laige division on the vertical 
scale has been made to equal Loganthmic number 0 1, 
so that each smaller division will be equal to IjOga 
nthmio number OOl The Loganthms of the actual 
numbers are then plotted instead of the numbers 
themselves, with a resultant curve as shown If we 
add the Loganthmic Number 0 301 to the Loganthm of 
any number we double the number Thus the Loga 
nthm for the number 20 is I 3010 Add to this the 
Logarithmic number Q 301, and we get 1 6020, w hich 
converted mto the natural number gives us 40 or 
t^vice the ongmal number, so that m our scale a n»e of 
3 mam divisions wdl mean an increase of 100 per cent , 
and other nses in proportion The same result is 
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ohtatned at any portion of the scale It must, liow 
CAer, be remembered that in plotting the data on a 
Logarithmic Scale we are plotting ratios of rise and fall, 
and^ not the rises and falls tliem'^lves A careful com- 
parison of Diagrams 8 and 9 will reveal the fact that the 
fall in the Turnover which occurred in yeai 7 is em- 
phasised in the latter chart as being more senous than 
would appear in the former, while the final advances 
which took place in the 19th and 20th years do not 
appear so large, owing to the fact that though the actual 
figuies increased con«iderably the ratios did not move 
in the same degree A diagram prepared on a Loga- 
rithmic Scale IS a ery useful just so long as it is remem 
bered that the movements of the curves indicate ratios 
onlv If, how over, diagrams are prepared on both the 
Natural and Logarithmic Scales much useful informa- 
tion can be obtamed bj a comparison of the tVvo No 
special skill IS required to construct a Logarithmic 
Scale Curve bejond the elementary knowledge neces- 
garj to find the Loganthnne Number of a Natural 
Number bj the aid of one of the numerous Logarithmic 
Tables obtainable The value of the Chart may be 
increased if the natural numbers are shown on a separate 
scale on the right-hand side of the diagram, as from it 
an approMUiation of the actual numbers represented 
maj be obtained, but care must be taken to lelj onlv 
upon those of the larger divisions, unless conversion 
be made of the Logarithmic number of anj other point 
foi which it IS desired to obtain the actual figures of 
the data Bars should be shown on the chart to indi- 
cate the ratio of increase, and these bars are very use- 
ful for measuring the actual ratio of nses and falls 
in the curve 

Whenever the Natural Scale is being used, the base 
line of the diagram should always represent zero, and 



THE GRAPHIC METHOD. 


§ O.] 


if this is impracticable by reason of the fact that by so 
doing the Chart will he too large to be conveniently 
handled, its position should be indicated, so that no 
erroneous conclusions will be drawm as a result of the 
true perspective of the increases and decreases not 
being apparent. This is a very serious error of many 
of the diagrams now' being presented to the pubhc. 
In using the Logarithmic Scale, how'^ever, no base 
line should be inserted, or fallacious conclusions may be 
draAvn from the diagram. Another great advantage of 
the Logarithmic Scale is that the curves may be placed 
at any part of the diagram which is most convenient, 
since the ratios are the same at whatever point the 
curve is plotted, and thus two curves may be brought 
into close proximity for the purposes of comparison. 
This advantage is denied the natural scale, for if the 
scales on which the data is plotted are varied the true 
relationship is not disclosed. 

There are other methods of Graphic Presentation 
which lend themselves particularly to the display of 
certain types of data, but great care must be exercised 
in their use, and they frequently entail more work in 
preparation than does the graph proper. 


(d) The “Bar” Diagram to show Components. 

The Bar Method of presentation is a popular 
one, and is particularly useful when one is desirous 
of shotving the components of which a total is composed. 
The following Table shows the total amount of cheques 
cleared ” through the London Banker s Clearing 
House, in millions of -pounds sterling, during two 
successive years, and also how the total is made up, 
divided into the three clearings, known respectively 
as the Town, Metropolitan, and Country Clearings. 
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In Diagram No 10 we see these results reproduced in 
the form of a Bar diagram This method has much to 
^ recommend it, for it is clear, easily understood, and, 
moreover, shows very defuntely the changes winch 
take place m the components of the Total The Bara 
should always be constructed so that it is clear that 
only the linear dimensions are being compared, for if 
they are made too broad the proportion appears to 
have been considerably altered, a fact which may be 
proved by expenment Any figures which maj be 
appended should appear on the left of the diagram, as 
m the specimen, as by doing this nothing is allowed to 
interfere ivith the varying ends of the bars themselves, 
foi if figures are placed after the bars there is a tendency 
for the eye to compare the spaces occupied up to the 
ends of the figures, mstead of to the ends of the bars, 
thus leadmg to wrong conclusions When construct- 
ing a number of bars for purposes of comparison care 
must be taken to plot tho components in the same order 
in each case, otherwise the utihty of the diagram will be 
dimmished if not actually destroyed Tins land of 
<A’<rgr’criSP iWisy* iu- Avnar tiss- 

method proper by describing it as a Pictogram, 
and though it lends itself admirably to comparisons, 
when only one factor capable of being represented 
by hnear measurements is concerned, care must bo 
exercised if other factors necessitate the use of diagrams 
introducing area or volume 
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(e) Comparisons of Areas and Volumes 

lien plotting diagrams mvolving area, for tho 
purposes of compansoa,it must be borne m mind that 
the dimmsioyis must vary as the square root of the area, 
and not on any other scale If, for mstance, we present 
certain data m the form of squares, the second set of 
data being twice the size of the first, then if the area 
of the first figure be 1 square mch, the second will 
need to be 2 square inches, and the length of the 
base necessary to construct the figure can only be 
obtamed by calculating the square root of the area, 
i e , •.''2 = 1 415 inches If the base of the first were, 
as it IS, 1 inch, it u ouid give a totally incorrect result 
to plot the second uith a base of 2 inches, as bj domg 
this the area of the second square would be 4 square 
inches, and therefore four times the size of the first 
In Diagram No 11 the difference is clearlv seen 
Figure (a) vs the original and it is desired to show 
another figure twice the size of (a) This has been 
done in figure (6), whereas figure (c) has been con 
stnicted with a base twice the size of the first figure 
The result of companiig figures (al and (c) would be 
to give a fallacious idea of the true proportions This 
same difficulty also appears when diagrams constructed 
in the form of circles are used, since here again we can 
constructcirclesfor purposes of comparisons on the basis 
of area, and on the basis of the diameter Although 
the former is the more correct method of workmg, 
neither method gives verj satisfactory results In 
Diagram No 12 figure (6) has been constructed 
with a diameter twice that of figure (fl), while figure 
(d) has been drawn with an area twice that of (c), 
which comcides m all respects with figure (a I It 
appears that figure {&) is far more than twice the size 
of (a), while figure (d) does not appear to be large 
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enough to be twice the size of (a). It is this fact that 
makes circles unsatisfactory wherever comparison is 
the object of the diagram. They can, however, be 
used with satisfactory results for diagrams showing the 
proportions which components bear to the whole. 
Diagram No. 1.3 shows such a circular diagram, divided 
to show how the total of the London Bankers’ Clearing 
Returns for one year is divided. The figures used are 
the same as in Diagram No. 10, and though it is very 
clear, and would be improved were the various divi- 
sions colom’ed, it cannot be used like the Bar method 
for comparison with other years. The best method 
to be adopted in the construction of such a circular 
diagram is to make a Table showing the ratios the 
components bear to one another, and then by ordinary 
proportional methods divide the number of degrees 
in a circle in the same proportions. 

Diagrams showing comparisons of volumes are never 
satisfactory, for it must be remembered fhaf the 
dimensions must vary as the cube root of the volume^ 
and the adjustment of the various dimensions calls 
for great care if the proportions are to remain im- 
changed, since if only one of the measurements be 
changed the change in the ratio is seldom very apparent. 

(f) Diagrams to show Three Factors. 

Rectangular figures may occasionally be used to 
show three factors, such as is done in Diagram No. 14. 
Here the horizontal scale shows the profit made on each 
article sold, the vertical scale the ntunber of the articles 
sold, and the area the amount expended on various 
items, and also the actual profit realised. In the case 
of figure (a) the profit per unit is seen to be £5, and 
therefore, with the standing charges amounting to 
£60 for Salaries, £20 for Rent, £20 for Expenses, and 


M 
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DlAGRftM HmS. 

Circular Diagram showing Banker’s Clearings for One Year. 



ToTRI. £19,121.000,000. 
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£10 for Advertising, it is obvious that twenty-two units 
must be ®old in order that such standing charges may 
be covered Any article sold above this number will 
yield a clear proGt, so that if thirty articles are sold in 
tlie period under review a proGt of £40 is realised 
If this IS the capacity of the ‘sales organisation — that 
IS to say, if no more can be sold without an increase m 
the expenditure — then there would be no object m 
increasing sales unless the return was more than com 
mensurate with the incrca‘^ed erpenditure , but if 
the organi‘sation is such that additional sales can be 
made uithout necessitating further expenditure, then 
it may pay the busme-'S to increase the sales up to the 
maximum obtainable on the fixed standing charges as 
shown, and the proGt per unit sold might be reduced 
with the object of creating an extra demand as a result 
of the lower price If ue assume the Sales capacitj to 
be forty umts, then by reducing the proGt per unit to £4, 
it will be necessary for twenty-eight (actually 27i) to 
be sold before u e clear the standing charges . but if we 
succeed in selling the whole of the allocation of forty 
units, wc shall make a profit of £50, thus benefiting by 
the reduction in the proGt per unit Figure (6) shows 
the facts very clearly, and if such diagrams n ere pre 
pared on the known facts, the management of a 
busmess might be able to judge pohey more ably, to the 
advantage of all concerned This particular method 
w not suitable for any other type of presentation, 
and great care must of nccessitj be exercised m it** 
U‘5e 

(6) Diagrams showing Two Scales 

Whenever it becomes necessary to shon two scales 
on the same chart, it is imperative that great care be 
oxerci'^d m the adjustment necessary, to show the true 
relationship which exists between the two senes of 
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data being plotted and compared. If, for instance, the 
vertical scale on the one hand represents a greater 
number than does the other scale, the rises and falls 
of the curves will vary inversely as the scale, and hence 
the true perspective is not available for comparison. 

§ 6. — Advantages and Disadvantages of the 
' Graphic Method. 

Diagrams of all kinds, and particularly the graph, 
convey strong and vivid impressions to the mind of the 
reader, and these impressions are not only rapidly 
obtained, but also retained in a manner not possible 
from tabulated figures. They tell their story simply, 
and require a minimum of effort on the part of those 
to whom they are presented. On the other hand, 
however, details which are contained in a tabulated 
statement are not so clearly shown, and frequently 
considerable trouble has to be taken before such details 
can be obtained. Diagi’ams convey strong general 
impressions, sometimes at the expense of exact details, 
and hence are only suitable for simple data. If 
simplicity is adhered to we may sometimes give a 
mistaken, distorted, or partial statement of the facts. 
On the other hand, if we give too much attention to 
detail we may render the diagram so involved that 
its usefulness is destroyed or materially impaired. 

Graphs cannot be quoted in the same way as 
tabulated statements, and while such tables of figures 
always convey the same information in the same way, 
yet the diagram has no standardised value, for if 
varying scales be used the relationship of the items to 
one another may and do change materially. This may 
be clearly seen by plotting the same data on different 
horizontal scales, the vertical scale remaining un- 
changed. The narrowing of the horizontal periods will 
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result in r^es being accentuated, and falk would be 
steeper than on the original scales, while if the space 
between the horizontal points is increased, nses and 
falls will both be “flattened out” very matenally 
As already stated diagrammatic presentation can 
only be possible after proper tabulation has » taken 
place, and vs extremely useful when it adds simplicity 
to the presentation of the data The use of diagrams 
therefore will depend largely upon the object for which 
the data is required, and the person to whom it is 
being presented When used for the purpose of 
focussmg a large number of operations into a small 
compass, ivith the object of conveying information 
on the general aspect, they are very useful, and would 
enable a busy head of a business to grasp the essential 
factors rapidly and without much trouble 

§ 7.— Rules for Constructing Diagrams. 

The following rules may be laid down to guide 
those desirous of obtaining the most satisfactory results 
from the use of Graphic Method — 

1 The general arrangement of the diagram should 

be from left to nght 

2 Quantities should bo represented by linear 

magnitudes where possible, since areas 
and volumes are more likely to be mis- 
interpreted 

3 The vertical scale for a curve, wherever 

practicable, should be so selected that 
the zero line will appear on the diagram 

4 If the zero Ime of the vertical scale will not 

normally appear on the curve diagram, the 
zero line should be shoum by a horizontal 



§§ 6 - 7 .] 


THE GHAPHIC METHOD, 


183 


break, or by making the base line of the 
diagram broken. The former method is, 
however, preferable. • 

5. The zero lines of the scales for a curve should be 

sharply distinguished from the other co- 
ordinate lines, 

6. When curves represent percentages it is 

desirable to emphasise in some distinctive 
manner the 100 per cent, line, or other 
line, used as the basis of comparison, 
and in such cases the location of the 
zero line need not be indicated. 

7. When the scale of a diagram has reference to 

dates, and the period represented is not a 
complete unit, it is better not to emphasise 
unduly the first and last ordinates, since 
such a diagram represents neither the 
beginning nor end of time. IVhen the 
diagram is brought up to the pre\dous year 
to that in which the diagram is constructed, 
the last ordinate should not be ruled in at 
aU. 

8. It is better that only those co-ordinate lines 

necessarj^ to guide the eye when reading the 
diagram should be shown on the diagram. 

9. It is advisable that the curve lines of the dia- 

gram should be very sharply ruled, so as to 
show the curves as distinct from other 
lines. 

ID. In curves representing a series of observations it 
is advisable, whenever possible, to indicate 
clearty on the diagram all the points repre- 
senting the separate observations. 
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11 The honzontal scale for curves should usually 

read from left to right, and the vertical 
scale from the bottom to the top 

12 When curves are drawn on logarithmic co 

ordinates the limiting lines of the diagram 
should each be at some power of ten on 
the logarithmic scale 

13 Figures for the scale of a diagram should be 

placed at the left and at the bottom, or 
along the respective axes 

14 It IS often de'?irable to include m the diagram 

the numerical data or lormulse represented 

15 All lettering and figures on a diagram should be 

placed BO as to be easily "i ead from the base 
as the bottom or from the right hand 
edge as the bottom 

16 The title of a diagram «liould be made as clear 

and complete as possible Sub titles or 
descriptions should be added where neces 
sary, in order to ensure clearness 

17 W here two or more curves are shomi in the 

same diagram, they should be ruled in 
different coloured inks, or varying types 
of lines 
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SYNOPSIS TO CHAPTER VII. 

THE GRAPHIC METHOD APPLIED TO 
COMMERCE. 


§ I. — Becords of Sales. 

2. — Utilitv of the JIovikg Average Line. 

3. — COMTAIUSONS of QoANTITIES AND VALUES. 

4. — PCRCUASES AND Rales. 

5. — Price Fluctuations. 

0. — Gross Profit and Extenses. 

7. — ^Turnover and Xet Profit. 

8. — Departmental Records. 

9. — Financial and Control Records. 

10. — Factory Records. 

11. — Cost Records. 

12. — ^Transport Records. 
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CIIAPTER VU 

THE GRAPHIC METHOD APPLIED TO 
COMMERCE 


We havealreadj seen that many advantages accrue 
from the use of the graphic method, the pnncjpal ones 
being the ease of compilation, and the readiness with 
which the graphs can bo read and the ticnd and the 
fluctuations followed 1‘tom time to time everj biisi 
ness man finds it noccs«arj to call for data relating 
to such things as Sales, Purchases, Stock, Expenses, 
Ca**}! Balances, etc , and if the«o were presented to 
him in graphic form in such a manner that compari- 
sons could be made between two or more periods, or 
two or more correlated items, the^ would do much to 
sa\e the time of a busy principal and leave him free 
to devote lus time to other matter^, instead of 
ha\ing to spend a considerable time in analysing 
tabular statements For such a purpose the 
disadvantages of the graphic method are almost 
negligible, for it is the broad aspect of matters w'hich 
needs to be presented in <«uch a connection Sub 
sidiary curves for the detailed items could also be 
prepared, and thus enable tlie Trend displayed therem 
to be seen and watched Manv businesses would show 
better returns were data regularly presented to the 
heads of departments or firms, so that tliej could see 
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the exact position, and take such steps as expediency 
dictates for maintaining sales or output, keeping down 
expenses and eliminating waste. 


§ 1. — ^Records of Sales. 

In a trading concern one of the principal points to be 
watched is the turnover. The foUow'ing Table shows 
the Sales for each month of two successive years, called 
for the sake of convenience “ This Year,” and “ Last 
Year,” together with the accumulated sales month by 
month, so that the total turnover up to the end of any 
month can be obtained without trouble. 


TABLE S. 

Table showing the Value oe Monthly and Accumulated Sales for 
Each of Two Years. 


Last Year. 


' This Year. 

Monthly 

Accumulated 

Month. 

' Monthly 

Accumulated 

Sales. 

Sales. 


Sales. ! 

t 

Sales. 

£ 

£ 1 

1 

j 

£ 1 

£ 

16,200 

16,200 

t January | 

18,500 1 

18,500 

19,800 

36,000 

February 1 

20,200 ' 

38,700 

18,500 

54,500 

Slarch 1 

19,100 

57,800 

20,200 

74,700 

April I 

19,800 

77,600 

19,200 

93,900 

Slay 1 

18,200 ' 

95,800 

19,500 

113,400 

June 1 

17,500 

113,300 

20,000 

133,400 

July 

16,300 

129,600 

20,200 

153,600 

August 

16,500 ' 

146,100 

20,200 

173,800 

September 

18,700 , 

164,800 

21,000 

194,800 

October • 

20,000 

184,800 

20,100 

214,900 

November 

19,800 1 

204,600 

20,800 

1 

235,700 

1 

December 

21,000 1 

225,000 


These data have been plotted in graphic form and are 
reproduced in Diagram No. 15. Clear though the 
Table may be to a trained mind, the graphic presenta- 
tion of these figures is striking in the completeness and 
exactness with which the data are portrayed. In 
this diagram two different scales have been used, the 
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left-hand one for use when it is desired to read the 
curves relating to the monthly sales, and the right-hand 
one (each space of which is valued at ten times more 
than the left-hand scale) when references have to be 
made to the accumulated sales curves. By this 
means two distinct factors closely related to and 
dependent upon one another are capable of being 
read from the one chart, but as the data are distinctive 
and not correlated the curve for monthly sales cannot 
be compared with the accumulated sales. As in the 
case of the Table, the data would be recorded for the 
current j^-ear from month to month as the figures 
become available, and thus the chart would always be 
ready for instant reference, the latest available inform- 
ation being shovm in its true perspective to the rest 
of the data. Comparison could thus be made mouth 
by month of the figures for the preceding period with 
those of the corresponding period of the previous year, 
the causes of divergence inquired into, and, when 
necessary, steps taken to rectify errors or faulty 
methods of carrying on the business revealed by such 
inquiries. The reason, or reasons, for any abnormal 
fluctuations should always be noted for future reference, 
as, for instance, where a special type of advertising 
campaign produces much better results at a certain 
season than at any other, for if such facts are known, 
and the Imowledge so obtained is applied when similar 
conditions are again present, sales may be maintained, 
or even increaised, and thus the progress of the business 
may be assisted. Similarly, if the business be one in 
a holiday resort, weather may have a very serious 
effect upon the turnover, and information of this 
nature is necessary when only “ Short Term ” fluctua- 
tions are being considered, and, moreover, the data 
will indicate to the head of the business the extent to 



[Chap Vn 

1<XI STATISTICS A^^> THEIR APIXICATIOS TO COMSIKRCE 

which it might be advisable to take out a policy of 
insurance against tlie lo&s which might be occasioned 
b^ coutinuous bad weather The hnes showing the 
Accumulated Sales are also extremeh useful, for if the 
total sales to date are lagging ” behind those of the 
previous jear, inquiry would be caused and thus steps 
could be taken where possible to increase sales, as 
the fall may be due to the goods purchased being 
unsuitable, insufBcient advertismg, lack of imtiative 
on the part of the sales staff, pnce cuttmg by local 
or other competitors, or to a general slump m trade 
Most of the«e can be rectified if only the head of the 
firm IS made aware of what is wrong The best method 
of presentmg the position as far as the busmess is 
concerned is b) the graph, for every fall is clearly 
shown, and no time li lost before makmg the necessary 
mquine« Slanj busy men place tabulated matter 
a'aide till a more auspicious occasion for studymg it 
presents itself, and when this examination is post- 
poned the mistakes and faults contmue, and the 
busmes^s suffers The presentation of a graph to the 
principal attract*? his attention to the sahent points, 
and he can thus act without delay, stop leaks, and 
prevent waste going on to the detnraent of the business 
as a whole In actual practice each curve on a chart 
would be drawn in a different coloured ink, thus render- 
ing each clearlj distmguishable, though if the hnes are 
not very numerous varying tj*pes of lines mav be used 
advantageously, as has, of necessity, to &e done in the 
diagrams u'sed to illustrate the arguments advanced 
in this manual 

§2 — Utibt5 of the Moving Average Line. 

It would probably be advisable in a diagram of the 
nature illustrated in No 15 to plot and draw a curve 
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showing the average monthly Sales for, say, a period, 
of five years, or such other period as would cover a 
complete cycle of trade. Comparison of the current 
year’s line with the curve sho%ving such average would 
instantly give impoi'tant information as to whether the 
progress of the busmess was being maintained, for, as 
already has been emphasised, either of two actual 
years’ results may be abnormal, and thus comparison 
is rendered difficult or impossible for practical purposes, 
or for purposes of inquiry or reference. In Diagram 
No. 15 it wiU be seen that there is a remarkable drop 
in the sales in “ This Year,” from May onwards, and 
this may be due to a customary fall in the sales, or 
alternatively to the sales of the preceding year being 
abnormally high. If, however, the Moving Average 
Line of Monthly Sales were shown and a fall appeared 
during the same period, the observed result is not 
unusual, but is due to seasonal or other recurrent 
conditions. Every business recognises the fact that 
there are certain periods in every year when Sales 
fall off for a usualty well Icnown reason. In the 
j\Iotor Trade, for example, it is a well established fact 
that during October of each year business is stagnant, 
due in a very large measure to the fact that 
prospective customers are awaiting the Annual Motor 
Show, in November, to see the new season’s models 
and their prices before maldng their decision as to 
the car they will buy. Similarly, nearly all businesses 
expect a period of depression immediately after 
Christmas, and hence endeavour to maintain their 
returns by the special “ Sales,” which are a feature 
of the opening w’eelcs of every year. 

Curves to show the same data for other years can also 
be plotted on this Chart, provided that different 
coloured lines or distinctive t 3 q)es are used, but care 
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must be taken not to o\erburdcn the diagram, as if 
this IS done its legibilitj is destrojed, and it becomes 
an in\oIved mass of lines 

This particular tj pc of diagram lends itself admirably 
to a largo number of aariations, as, for instance, when 
another line is added to show the amount of Sales 
Returns, or, what is better, since such a cune will 
normallj appear at a much lower place on the vertical 
scale, a lino showing the Net Sales If this be done, the 
cuia c will be in close proximitj to the line show ing the 
total or gro«« sales, and thus the fluctuations m the 
returns can be casilj compared with the gross sales 
Though returns may be expected m all businesses, and 
varj greatlj, jet if thej become acrj heavj it is a 
sign that the goods do not suit the customers, or the 
method of manufacture is fauUj, and thus expenses 
are being incurred unnecessarily, a state of affairs 
which IS not in the best interests of the busmess 
If sucli data wore presented in the form of a tabular 
statement it would bo ncccssarj to calculate the ratio 
which such returns bear to the gross sales, whereas in 
a graph the curv cs for Gross and Net Sales should move 
parallel to one anotlicr, provided the ratio of returns 
to sales was fairlj constant, and a widenmg of the 
distance between the hncs would gl^ o mstant wanung 
that the ratio was increasing, and so lead to enquines 
Such a graph would actualh reduce the work mvoU ed 
in presentmg the information in a proper manner 
Thougli such charts as that illustrated m Diagram 
No 15 show the changes which take place monthly m 
the turnover, jet weeklj, quarterlj, half-yearlj, or 
seasonal changes can bo shown with equal facihtj , 
while the tumo\ er of Departments or Branches, or the 
sale® of individual representatives, maj also be plotted 
m the same way 
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From such data carefully compiled over a series of 
years the business man can find the period of the j’^ear 
when his sales are likely to be heaviest, and thus arrange 
his purchases and deliveries at such times as the goods 
are likely to be required. Such a policy tends to make 
the turnover of the goods handled more rapid ; obviates 
the necessity for maintaining heavy stocks in warehouses 
or stockrooms vdth the consequent risk of depreciation 
and damage ; and does not result in worldng capital 
being locked up in stock whicli is only demanded at 
certain well-defined periods. If, in addition to com- 
piling data of the financial aspect onty, records were 
maintained of the tjqies of goods sold, and also the 
quantities, further useful information could be obtained 
and utilised to the advantage of the business. A 
certain large London Store recently advertised that 
its sales records showed that the sales of a particular • 
commodity were always liighest in a certain week in 
each 3^ear, and that therefore during this period in the 
current year thej^ had made special arrangements for 
the displaj’’ and sale of such goods. This is an example 
of reahy scientific management, the result being that 
the business applies itseh to meeting just that need of 
the general public which is of the greatest importance 
at the moment, to the obvious advantage of the pubhc 
themselves, and to the benefit of the business in main- 
taining orincreasingthetxu’nover as well as in enhancing 
its general reputation. By such means as this many 
of the chances of incorrect bujdngare eliminated ; losses 
are thus minimised ; and there is a greater possibility 
of success being realised. AU these data are capable of 
being sho\yn by the graphic method, and thus the busy 
head of affairs may be kept in constant contact ivith the 
movements and position of business with the expendi- 
ture of a modicum of time and trouble, leaving details 
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to the responsible Heads of Departments, but obtaining 
such information as will lead to enquiries should matters 
not be developing m a satisfactory manner. 

§3 — Comparisons of Quantities and Values. 

If Statistical methods are to be completely successful 
in the commercial world, it is c«!sential that records 
be kept not only of the monetary values, but also of 
the quantities of goods handled, for as already shown m 
Chapter II, when any change talces place in the 
purchasing power of money (» e , when there is a general 
change in the le\el of pnces of commodities), the 
financial turnover will be affected, and wrong con- 
clusions dra^vn therefrom If, for instance, the 
purchasing power of money declines (t c , the price of 
commodities increases) and the value of the turnover of 
the business remams the same, then the business w ill not 
be progressing, since the actual quantity of goods sold 
will be less Conversely, any increase in the cash 
value of the sales will not necessarily mean that the 
turnover of goods has increased. In order to ascertain 
the true position it will be necessary to compare not 
only the amount received or charged in respect of the 
sales, but also the quantities sold, as without this 
latter information it will be impossible to saj that the 
business has progressed, for though the figures m the 
financial statements may show an increase, the actual 
quantities sold may be less than for the previous year , 
and, after ali, the true test of a business is the quantity 
of goods sold, since any variation in price is bound to 
affect the financial accounts A rough idea of the 
position can be gauged from a study of such figures, 
allied with the movements which have taken place 
in the Index Numbers of Wholesale Pnces, for, as 
shown in the Chapter on Index Numbers, these are 
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designed to give information relative to changes 
which take place in the purchasing power of money. 
In Diagram No. 16 an endeavour has been made to 
bring the two factors of value and quantity together in 
one chart for a period of ten years. The following Table 
gives the Turnover in £’s sterling and in Tons : — 

TABLE T. 

Table showing Thrnovee in £'s Sterling and in Tons foe Ten Years 


Tdenotek. 


Year. 

C 

Tons. 

1 



1 

143,400 

202,000 

2 



153,500 

202,000 

3 



200,200 

220,000 

4 



292,500 

225,000 

0 



243,300 

219,000 

6 



224,700 

227,000 

7 



211,000 

230,000 

8 



199,500 

190,000 

9 



295,000 

236,000 

10 



308,400 

241,000 


In the diagram the monetary values will be read from 
the left-hand scale, and the quantities from that on 
the right-hand side of the chart. Trom the curves 
thus plotted much valuable information can be 
obtained. For instance, the monetary value of the sales 
increased in year 2, although the actual quantity of 
goods sold remained the same as in the previous year, 
while in year 4 the sales only increased from 220,000 
tons to 225,000 tons, but the value rose from £200,200 
to £292,500. In the first of these cases we should 
have assumed that the business was progressing if 
we only considered the financial figures, while in the 
second we should get an entirely erroneous idea 
of the progress of the business were the quantities 
also not available for comparison. In each case the 
increase in the value of the goods sold is due to the 



[Chap Vn 

196 STATISTICS AKD THEIE APPLICATION TO COMMEECE 

fact that there has been a change m the pnce of the 
commoditj If the pnce weie steady, should 
expect to see the two curves fluctuating together 
It will be seen from the diagram that the quantities 
sold tended to increase, and that m the ten years there 
was only one penod wluch records a fall, t e , year 8 , 
but if we stud\ the financial records we see that falls 
took place m jears 5, 6, 7 and S 

Great care is necessarj in plotting such a chart 
combining two vanahles, for if a careful ratio is 
not calculated m connectmg the two scales the 
real relationship between the two factors is destroyed 
or damaged The unit of quantity should be plotted 
on a scale compiled after very careful study of the 
ratios existing between the unit of quantity and the 
monetaiy value If, for instance, the records show 
that the pnce per unit of the given commodiU 
averages, say, £5, then one unit of quantity and £5 
can be taken as the basis of the scales, and each 
would be represented by the same vertical distance If 
some such method be adopted the curves will be closely 
related, and hence coropan&on will be just, and the 
conclusions drawn tlierefrom will be rehable 

§ 4 — Purchases and Sales. 

The relationship which exists between Purchases and 
Sales is verj important, but it is a matter frequently 
overlooked bv busmess men, with the result that a 
business often becomes o\er3tocked, valuable u orking 
capital is locked up and thus is not available for 
more remuneratii e employment in some other 
department of the business If the purchases and 
sales of a busmess be plotted periodically on the 
Imes shown in Diagram 17, it can at once be seen 
whether the purchases are too heavy, resulting m 
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stocks accumulating unnecessarily, or whether they 
are not heavy enough, in which case the purchases 
will be insufficient to maintain the stock at that 
amount which experience shows to be necessary for the 
well-being of the business. The following figures are 
those which have been plotted in Diagram No. 17 : — 


TABLE U. 


Table showikq iloNTHLx Pubchases and Sales fob One Yeae. 


. Month. 


Purcliasfcs, 

Sales. 


, 

£ 

£ 

January . . 


40.000 1 

50,000 

February 


42,000 

60,000 

March 


48,000 

60,000 

April 


52,000 

65,000 

May 

. ' 

54,000 

80,000 

June 


56,000 

75,000 

July 


62,000 

72,000 

August . . 


64,000 

70,000 

September 


66,000 

65,000 

October 


66,000 

60,000 

November 


80,000 

64,000 

December 


86,000 

70,000 


The diagram shows at once that up to May the pur- 
chases were much smaller than the sales, so that either 
old stock is being disposed of, or alternatively the 
stock was being gradually depleted. After the month 
of May the sales faU off, but the purchases line continues 
to advance, imtil in September more goods are being 
purchased than are being sold, that is, of course, from 
the point of view of monetary value, so that expendi- 
ture or liabilities in respect of this one item alone will 
be in excess of the Cash Sales receipts or amoxmts 
eharged to Customers’ Accounts. It needs but little 
demonstration to make it clear that unless such move- 
ments as these are accompanied by a decrease in the 
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amounts owing by customers the cash position of the 
business will speedily prove unsatisfactory. It may 
be argued that this is necessary to replenish stocks 
for the next period, whicli apparently is the period 
of rising sales, but it would appear to be poor policy 
to be buying steadily for eight months in the year in 
order to sell in the other four, though in certain types 
of business this procedure may be necessary, 

§ 5. — Price Fluctuations. 

If records of Sales are made over a number of years 
an average can be obtained for different periods, e.g., 
woeldji, monthly, quarterly, or by seasons ; which if 
plotted for reference will give an interesting and 
reliable clue to the fluctuations of this item. Most 
businesses show a great many variations in their 
returns, many of the fluctuations in, say. Sales, being 
well defined, and the periods in which they occur are 
regular or seasonal in their recurrence, and the average 
of a number of years will, as we have already seen, 
eliminate abnormalities, thus giving a base upon 
which the quantities needed for any period can be esti- 
mated, and the necessary purchases made to meet the 
demand when it arises. While it is true that the period 
in which it is expected that the goods purchased will 
be disposed of may be, and sometimes is, abnormal, 
it is better to base estimates and operations upon 
known past experience, and so eliminate some, at 
least, of the factors of chance which are present in all 
businesses, and which are uncontrollable. It would 
be possible to guard against the purchases bemg too 
heavy, or too small, though we cannot entirely 
eh ruinate aU differences. If similar data be com- 
piled as to the prices paid for the goods in which 
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one deals, and the average over a senes of jears be 
taken, we shall find that with many of the com- 
modities of everyday life prices tend to be higher at 
one season than at another If we know exactly when 
lower prices are to be expected, arrangements can be 
made to purchase supplies at such times with a con- 
sequent reduction in the cost, thus ensunng greater 
profit , or, altemativelj, placing the buyer in a better 
position than liis competitors who buy their supphes 
at times when the price is not so favourable Again, 
the graphic method is by far the most suitable for 
presenting the facts of the case In Table V (see 
next page) we see the average price of English Wheat 
calculated for a period of ten years This average 
has been plotted for the sake of clearness in Diagram 
No 18, and those penods when it is better to buy 
supplies are \ery clearly seen, so that an operator in 
wheat who could purchase his supplies in January 
would be enabled to make quite a good profit, if 
he were able to obtain such a quantity as would 
enable him to meet his customers’ demands for some 
months The best penods in which to purchase wheat 
will be seen to be January, September and October, 
or thereabouts, and knowing this fact an operator could 
make the necessary fmancial arrangementa to meet his 
needs Importers and Exportera could compile similar 
records for the Rates of Exchange, and thus possibly 
be able to arrange their transactions so that payment 
would be made or received at such times as the ex- 
changes were favourable to them In this waj goods 
could be purchased at a lower expenditure, and the 
purchaser be in a much better position than a competi- 
tor who did not pay any attention to the regularity 
with which many of the exchanges move in normal 
times 
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Clare in his manual on Foreign Exchanges shows by 
means of diagrams that when the rates of the exchange 
with America were averaged in this fashion the move- 
ments were very regular in their recurrence, and the same 
is at ani’' rate true under normal conditions with all the 
gold exchanges, so that there is no reason why the 
ordinary business man should not reap some of the 
advantages to be obtained from the knowledge of the 
possibilities of these movements. It is true that 
greater interest has been taken recently in the move- 
ments of the exchanges, but when these again become 
normal the possibihty of making additional profit by 
using the exchange fluctuations to the advantage of 
the business will probably be overlooked. Any “ aver- 
ages ” so used would be adjusted from time to time, 
so that any tendency for the fluctuations to shift 
would be brought into account. The Moving Average 
would prove most useful in this connection. - 

§ 6. — Gross Profit and Expenses. 

There are many factors in Commerce which are so 
closely related to one another that consideration of 
any of them is best made w^hen the others are also 
available for comparison and criticism. A good 
example of this is Gross Profit and Expenses. If we 
consider expenses only, then any increase may be the 
subject of needless criticism, since it may be dis- 
covered that the gross profit has increased also, and, 
since the rate of gross profit is not likely to vary, 
there must have been a greater monetary turnover, 
which may easily lead to greater expenditure ; so 
that if it can be showui that the ratio of increase in 
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gross profit is equal to, or greater than, tlie increase in 
esqxjnditure, there vn.ll be little or no need for the 
e5q>enditure to be adversely cnticised. It must not, 
however, be assumed that there is no need to go into 
the question of expenditure, as this is a necessary 
procedure from time to time if real economy is to be 
effected , but if the standard of expenses is exceeded 
onlj by a lower ratio tlian that by which gross profit 
Las been increased, then it is more than possible that 
the increase in expenses is due to the increase m the 
turnover, and to that only. In this connection a 
detailed study of the business is advisable in order 
that the hmits of the economic law of increasing returns 
may be ascertained, and efforts made to obtain the 
maximum output or turnover of which tiie business is 
capable witliout further expenditure. If, howeror, the 
expenditure has increased and there has been no corres- 
pondmg ipcrease in gross profit, then it would appear 
that mqimy is necesaorv* if the increase is to be jus- 
tified, though it must always be borne in mind that the 
increase in sales may not alwavs coincide vnth the 
increase m expenditure. Tins would happen when a 
special advertismg campaign has been inaugurated, 
such as is nece&sarj to place a new commodity upon 
the market, the full or complete effects of which are 
not immediately felt, but which bear fruit later when 
the product has become well knomi as the result of 
the campaign, and therefore full inquirj' needs to be 
made before conclusions can be drawn. It would be 
verj* useful to the business man to compare Gross 
Profit and Expenses and also the Net Profit, and tliis 
has been done m Diagram No. 19, which is plotted 
from the following data : — 
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TABLE W. 


Table showing Expenses, Gross and Net Profit of a 
Business for Ten Years. 



Y ear. 

Gross Profit. 

ExpcDses. 

Xet Profit. 



’ £ 

£ 

£ 

1 


7,800 

2,500 

5,300 

2 


5,500 

1,700 

3,800 

3 


4,800 

1,300 

3,500 

■1 


4,500 

800 

3,700 

5 


C,.500 

4,000 

2,500 



8,900 

2,500 

6,400 

7 


8,500 

2,300 

0,200 

8 

• • • • 

7,000 

2,000 

5,000 

9 

• • • • 

0,500 

1,000 

4,900 

10 

• • • • 

0,000 

■ 

1,500 

4,500 


This statement presented to a business man would 
need careful study and analysis in ordei- that the full 
significance of the figures could be appreciated, but 
the diagram shows immediately the divergence which 
exists. From the curves there plotted we can see 
that in the first tluee years the gross profit was falling, 
but the expenses were also falling, and consequently 
the net profit did not change to the same extent as 
the gross profit. This is clearly shown by the curves 
for the two factors approaching nearer to one another. 
This fall in the gross profit was in all probability due 
to a fall in the sales, as a reduction in the rate of gross 
profit is ver}’’ unlikely, the percentage which is added 
to cost to cover general overhead charges and profit 
being a fairly constant factor. It is observable also 
that in the fourth year the fall in the expenditure 
was accompanied by an even greater faU in the gross 
profit, and this constant falling in the gross profit 
earned while expenses are also on the downward grade 
would seem to point to the fact that economy in man- 
agement was so great that it was seriously handicap- 
pmg the business. This assumption is also borne out 
by the fact that in the fifth year a sharp rise in the 
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DIAGRAM n* 19. 

OiQ^-aw. Gross RoriT,£jifENsEa a-ti Hctt ftoriT ^TenY-ars. 
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amount of expenses was accompanied by a considerable 
advance in the amount of the gross profit, though the 
advance in the latter case was not of the same ratio 
to the previous j’^ear as the expenditure, witli the 
result that the net profit in that year actuall}'- fell by 
£1,200. The advance in the gross profit was, however, 
even greater in the next year, though expenses actuallj’- 
fell considerably over those of the previous 3’ear, and 
from this it would appear that in the fifth year some 
special effort was made to produce better results from 
the business, and the effeet of this effort was also 
apparent in the following year. Subsequently the gross 
profit again declined, and this decrease was even more 
sharply apparent than the decline in the expenses. 
If one were investigating the business with a view to 
improving the results to be olitained thetefrom, it 
would be necessary to call for explanations of the very 
heavy increase in the expenditure incurred in the fifth 
year, and it would be wise to analyse the expenses with 
a view to discovering the effect of each item upon the 
business. If it appeared that this heavy expenditure 
was due to an advertising campaign carried out during 
that year or some part of it, the whole of the cost of 
which was charged in that year’s expenses, we should 
at once see that the decline in the gross and net profit 
was due to rigid economy adversely affecting the 
prospects of the concern. We could then arrange 
that the “ cheese-paring ” policy should cease, and 
the business be placed upon a progressive footing by 
judicious advertising or other means. Here is an 
examx)le of where the science of Statistics properly 
apf)lied can assist a business, and lead to greater 
profits and exjiansion. Just as it is possible to be too 
lavish in expenditmu, it is also possible to be too 
niggardly. By utilising Statistics in such a manner 
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we are malcing it x>ossible to trace faults, stop leaks, 
prevent waste, reduce tbe ratio of expenditure to turn- 
over , or steps can be taken to render the expendi- 
ture more remunerative — in short, to render our 
management more scientific, and so provide for 
contmgencies whether possible or probable, thus elim- 
inating or reducing tbe elements of chance which are 
present in all business or commercial undertakings. 

§ 7 — Turnover and Net Profit. 

Where articles are being handled which are uniform 
in price and quality, the gross profit per article can 
easily be ascertained, and a chart prepared to show 
the Gross Profit on Sales, the Standing Charges 
(mcluding such items as Depreciation, Debenture 
Interest, and similar expenditure, which have to be 
met periodically), and the Net Profit made and there- 
fore available for the payment of dividends, etc , so 
that it will be possible to see at a glance if tbe sales 
are sufficient to yield an adequate return Such a 
Chart is seen in Diagram No 20, which has been 
prepared from the information given in Table X 
Each article sold shows a gross profit of £1 


TABLE X 

Table sbowinq Number ot Articles Solp Gaoss Peotit, Stakoing 
Charges and Net Promt 


Uontb 

bo ot Aitlcln 
Sold 

Oroes Front 

StasdJ&S 

Charge- 

Net Profit 



£ 

£ 

£ 

January 

300 

300 

200 

100 

February 



155 

95 


3o0 


200 

150 

A |1Tl1 

270 

270 

170 i 

100 
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diagram 11^20. 
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It Will be seen from the diagram that the hea\y fall 
m the gross profit due to the fall m the sales for the 
penod subsequent to Match was not accompanied by 
a corresponding fall in the standing charges, and 
consequent! j’ the net profit fell, till in June there w as 
a margin of £5 only, while in the next month the income 
from sales was only just sufficient to meet the current 
allocation of expenditure on Standing Charges Such 
a state of affairs might conceivably overtake any 
business, particularly one of a seasonal nature, and if 
the facts are known, then provision can be made for 
curtailment of such expenditure as is unnecessary, 
or arrangements made to meet interest charges at some 
other time, or credit obtained to carry the business 
over the slack season If this sequence of events 
were regularly recurrent, purchases could be made, 
so that payment fell due during the periods January 
to March, and October to December. 

§8 — Departmental Records. 

There is no need for the graphic presentation of 
facts to be confined to the use of the office staff or the 
management. The efforts of the sales staff or any 
organisation might be spurred onward were they in a 
position to see how tlieir departments or branches 
stand in relation to the remaining units of the organ- 
isation. If suitable Charts were prepared and ex- 
ViiDited to t’nem stiowing the Departmental or "Branch 
Sales day by day, week by week, or month month, 
together with a curve showing previous results, or the 
results of some similar department or branch, they 
would be encouraged in their efforts to keep the hne for 
current Sales from falling, thus assisting the develop- 
ment of esprit de corps and team work. One large 
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London Store has already adopted some such idea, 
and rewards that department which shows the greatest 
increase in its Turnover. Graphic methods of portray- 
ing the positions of the various departments are used, 
and the scheme has met with considerable success. 
By showing the various items of expense connected 
with the department or branch, and the way in which 
these compare mth others, is also a good plan, as the 
tendency to waste is checlced, and it would frequently 
pay the employers to give a special bonus to the staff 
of any department showing a reduction in such items 
as Stationer}^ Wrapping and Pacldng Paper, etc. 


§ 9. — Financial and Control Records. 

Charts could be used to show the Casli and Credit 
Sales, and thus make adequate arrangements for 
safeguarding the business against possible loss from 
Bad Debts owing to an increase in the Credit Accounts. 
Every business needs to watch this ratio of Cash 
and Credit Sales to the Total Sales very carefully, 
especially when the Cash Resources are limited, or 
the policy of the business is to maintain but small 
Cash Balances, and depend upon the Cash Sales and 
the collection of Debtors' Accounts to provide sufficient 
funds to meet maturing liabilities. In such cases a 
diminution of the ratio wliich the Cash Sales bears to 
the Total Sales may result in the current receipts being 
insufficient to meet the current expenditure. An ex- 
tension of the credit accounts either in number or 
amount means delay in replenishing the cash resources, 
and this delay may result in very marked financial 
stringency. Receipts and Payments of cash might also 
be so recorded, and thus after a series of observations 
had been made it would be seen at what time of the year 
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the greatest cash balance was accumulated, a \en 
useful thing to know when the question of adequatel} 
financing a business is being considered A very 
useful diagram for purposes of financial control is one 
showing the Accounts Receivable, and the Amounts 
actually leeeued day by day Such a diagram ^ill 
at once sliois n hat “ lag ’* exists in the payments by 
the Debtors of the business This information is 
important when a business is operating on a narrow 
cash margin, and hence would enable the credit 
terms to be varied in ordei to give the necessary margm 
for secunty “ Bar diagrams shomng the active 
Liabilities, and the Liquid Assets such as Cash, Bills 
Receivable, and Book Debts should also be prepared 
periodically, such a diagram giving a picture of the 
actual financial position of the business 
Various forms of expenditure can be advantageously 
compared with other factors, and will afford much 
valuable information Many large firms spend con* 
siderable sums on advertising, and the cost of each 
of the various forms used should be graphically 
shown together with the results obtained From 
such diagrams it w'lU be pos''ible to ascertain the best 
form of ad\ ertising, or the best media , while, if the 
time element be also taken into account, it may be 
possible to find the best days or penods on which to 
advertise It may be argued that many of the results 
will not be capable of being allocated to any particular 
ad\ ertiseraent, Iiut tins can "be overcome by spreading 
such unidentified orders over the various media m 
the ratio which the kno\vn results bear to one another 
It must not, however, be overlooked that this enquiry 
should also be conducted by areas, since the form 
of advertising vhich proves most successful in one 
district may he a failure m another 
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The cost of advertisements should he spread over 
the orders received, in order that the value of the ad- 
vertisement can be gauged in the cost per unit of sales. 
Comparative diagrams mil show which form of ad- 
vertising, or which media, is the most remunerative. 
It may then be found that a more expensive advertise- 
ment results in a lower advertising cost per unit of 
sales. Another diagram could show the Inquiries 
received, and the orders resulting therefrom, as well 
as the Total orders received through the advertise- 
ment, and so ascertain what proportion of the enquiries 
resulted in business. The expenses incidental to the 
actual sale of the goods is also a very important matter, 
and comparative charts showing fSales in each area, 
and the direct expenses incidental to the Sales, such 
as Salaries, Expenses, etc., would give important in- 
formation relative to the cost of transacting business 
in the various districts, as well as the cost per unit of 
Sales of each Salesman or Branch. 

§ 10. — Factory Records. 

The graphic method can be used to advantage in 
the factory, and in many ways it lends itself admirably 
to the presentation of important data to the work- 
people, who would probably not take any interest in 
tabulated statements. One factory producing a large 
number of similar articles of varying sizes, charts the 
output of every machine, as shown bj’’ an attached 
automatic numbering machine, and places the chart 
in close proximity to the worker, so that he can 
see how his output is progressing day by day, and also 
compare it with the average output of all the similar 
machines employed on the same class of work for the 
previous year, 'which is also shown on the chart. The 
total output of each size of article is also plotted daily 
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on a large chart in the office of the managing director, 
so that he is enabled to see at a glance whether the 
output IS steady, mcreasing or decreasing, and ascertain 
the reasons for fluctuations Any unusual circum- 
stance IS plainly shown on the chart, such as when a 
machine is not working, etc , and each type of article has 
its own distinctive coloured line It has been found 
that the operatives take a keen mterest in their charts, 
and endeavour to mamtam a steady output, and there- 
fore mstantly report the sbghtest defect in their 
machines which might lead to any reduction of their 
output The expenence of the last few jears shows 
that since the installation of this system the days lost 
by breakdowns to machmes have almost disappeared, 
and the output has consequently increased from this 
source alone The management can, by comparing 
the charts for vanous machmes, which is done from 
time to time, discover those machmes which are 
“ lagging ” behind the others, and ascertain the reasons 
therefor Improvements have been made in the 
running of several machines as a result of tlus investi- 
gation They are also enabled to gauge the relative 
merits of tbeir operatives, and can reward the dihgent 
and weed out the undesirables The result is so marked 
and the time taken in so recordmg the output so small, 
that it IS a recognised part of the firm’s organisation 
The same firm also mamtams charts shomng the 
weekly percentage of time occupied by their employees 
m non-productive labour (such as cleaning machmes 
and preparmg them for the work in hand), and they 
can thus instantly see whether this item is tending to 
grow, and ascertain the reasons therefor Tins chart 
has been found to be extremely useful, particularly 
when the Machine Hour Rate used in their costing 
system is under review or revision 



§§ 10 - 11 .] 


THE GEAEHIC METHOD APPLIED TO COMJIEECE. 215 

Another chart which could be used in a Producing 
Business would be one sho-Rung the >Selling and Cost 
Price per article or per unit of production, whatever that 
might be. This would be particularly useful in cases 
where the selling price fluctuates considerably, and 
is fixed by the operation of competition, for if the 
selling price does not show a sufficiently large margin 
over the cost, then the question of using the plant for 
some more remunerative work may well be considered. 

Among other diagrams which might be used with 
advantage in Factory Records are those showing the 
following information : — 

(a) The ratio the Stocks of Raw Material in Hand 
bears to the quantities used by the Factory, 

{h ) The relationship between Raw Material Stocks 
and Finished Goods on hand. 

(c) Comparison of Labour Charges, Cost of 
Material used, and Standing Manufacturing 
Charges. 

(d) The divergence between the time estimated 
to be taken in completing a job, and the time 
actually taken. 

(e) The ratio of spoiled products to total output, 
together mth a comparison with the standard 
spoilage alloived. 

§ 11. — Cost Records. 

The Prime, Factory and Total Costs might be shown 
in one diagram with advantage. The Premb Cost 
of an article is the cost of the materials used plus the 
actual cost of the direct labour expended upon the 
material. The Factory Cost is obtained by adding 
to the Prime Cost a proportion of the indirect charges 
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of the Factory, such as Power, Unproductive Labour, 
Foreman’s Wagt/S, Works Managers’ Salanes, etc , 
while the Total Cosi is the Factory Cost plus the 
piopoition of the Indirect Cl^rges of Management 
generallvi such as Office Expenses, etc The indirect 
charges may be allocated to units of production m 
vanous ways, but frequentlj it ivill be found to be m 
the form of a percentage addition to the Cost When 
this IS the case the three Curves sliould move in complete 
agreement, but if some other basis is used the curves 
may be found to converge, and thus pomt to the fact 
that the Oncost is not being correctly allocated, or 
at least inquiry would need to be made to ascertam 
that the proportion added for these items is correct 
A further chart which should be of great utihtv 
would show the Actual Overhead expenditure m 
the works (t e , expenditure other than that in 
respect of Material and Direct Labour), and the 
amount allocated to the contracts or output 
The«e curves should practically agree If the curve 
showmg the allocation of the expenditure, on whatever 
base it may be made, falls below that showing the actual 
expenditure for the same period, the addition to the 
Prime Cost is insufficient and the Factory Cost used 
for further work is mcorrect, since the actual expendi* 
ture will have been more than that added on to the 
cost of the work, avith the result that the selling price 
will not show the gross profit anticipated On the 
other hand, if the curve for allocations is above that 
of expenditure the additions made are too great, and 
consequently the Factoiy Cost is too high, with the 
ultimate result that anj calculations based upon it 
will be incorrect, and the business handicapped when 
quoting a price against its competitors A. similar 
plan would be adopted with regard to the General 
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Expenses and the allocation of the Oncost in arriving 
at the Total Cost ; and the same considerations would 
®'PPty case as to the former. When the business 

is working to contracts these results can in a large 
measure be checked, if considered necessary, by a 
graph showing the accumulated output for a given 
period with the actual total cost thereof, and also the 
contract prices obtained. Fluctuations in wages can 
be kept in view by a chart showing the number of 
workpeople employed, and the total wages paid, 
while output can be compared wdth the number of 
employees in the factory or works, or, better .still, 
with the Man-Hours worked. This should enable 
steps to be taken to maintain a steady output. 

Other Cost diagrams which might be used are 
those showing the following information : — 

(а) Cost of Manufacture compared with past 
experience, or a Standard of Cost based on 
such past experience. 

(б) Cost' of Raw Material in comparison with 
total Production Costs. 

(c) Comparison of Direct and Indirect Expenses. 

(d) Allocation and recoveries of Overhead 
Charges. 

§ 12. — Transport Records. 

Where a firm is engaged in Road Transport on any 
scale, valuable information can be obtained by re- 
cording the number of miles each van or wagon travels, 
the number of hours employed, the weight of the load 
carried, etc., and this information should also be 
analysed to show the proportion that the miles travelled 
when empty bear to the total mileage covered. By 
such means steps can be taken to ensure that all 
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similar vans or wagons cany similar loads and do not 
proceed half empty, or the rounds can be rearranged 
so that the numbers of miles run while empty can be 
considerabU’ reduced. Similarly', by recording the costs 
of running, i-epairs, etc., the most economical vehicle 
can be found, and the personal skill of each driver 
indicated. 

The following records might also be shown in graphic 
form : — 

(а) The number of Wagon-Bays operated. 

(б) The number of Wagon-Days idle through 

, Wagons being under repair. 

{c\ The number of Wagon-Days idle through 
lack of work. 

(e?) The number of Wagon-Hours operated per 
day. 

(e) The number of Wagon-Hours during which 
loading or unloading was in progress. 

(/) Sliles run per gallon of petrol. 

{g) Miles run per gallon of oil. 

{h) Average number of miles per trip. 

The graphic method is adaptable to any type of 
business or data, and consequently can bo applied to a 
variety of commercial problems. A careful study 
of the object for which the data have been collected 
will enable the charts to be constructed to display 
this result udth a clearness and ease unapproachable 
by any'^ other method. The time taken is not greater, 
is indeed frequently much less, than that necessary to 
prepare tabulated statements, and, once the form of 
chart has been decided upon, it calls for no particular 
skill either in plotting or reading. 
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SYNOPSIS TO CHAPTER VIIL 


METHODS OF COMPARISON. 


§ 1. — Djspeesion. 

(a) Measuring Disperaion. 

i. The Range. 

ii. Absolute and Relative Dispersion, 
ill. The Moments of Dispersion. 

(1) The First Moment. 

(2) The Second Moment. 

{3) The Third Moment. 

(4) The Modulus. 

(5) The Quartile Measure and Co-efficient. 

(6) The Lorenz Curve. 

2. SKEWilESS. 

(а) The First Measure and Co-efficient of Skewness. 

(б) The Second Measure and Co-efficient of Skewness, 
(c) The Third Measure and Co-efficient of Skewness. 
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CHAPTER Vin 


METHODS OF COMPARISON 

It ha‘5 '\Ireadj been laid down m Chapter I that 
the ultimate end of Statistieal Research is to enable 
comparison to bo made, and \anous lailes have already 
been enunciated inth a view to enabling tins to bo 
earned out m a proper manner It is now necessary 
to consider more adianeed methods of companng 
vanous groups of data, as well as measuring the rela- 
tionship fif an}) whieb evists between two or more 
different factor® (or VanaMcs) 

§ 1 — Dispersion 

This term is used to indicate tliat within a given 
group of data theri. i® no uniformita of size, or, in other 
words, that the items differ from one another in ma^ 
nitude If reference be made to the Table of Profits 
shown on page 77 it will bo seen that no two items are 
of the same size, and that thoj vary from £37 000 in 
year 1, to £194,000 m the 20tli jear If the a anation 
from the actual si/o of a rcprcsentatiae item (eg, 
thf' Anthraetic Average, the "Median or the Mode) 
IS smal’ the dispersion is said to be *?hght, but avhen the 
sizes vary greatly from such standard item then the 
dispersion is said to be great Suppose the profits 
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of one hundred businesses in the same trade and witli 
the same Capital be taken, and the Profits vary from 
£10,000 to £10,100 then there is relative uniformity 
in their results, and the dispersion will obviously 
be but slight. If, however, the Profits varied from 
£1,000 to £15,000 there is very considerable dispersion. 

(a) Measuring Dispersion. 

There are various ways in which the dispersion may 
be measured with a \dew to studying the consistency 
of the results attained. It is, however, first necessary 
to consider what value is to be placed upon this con- 
sistency. For the sake of example let us talcc the 
profits earned bj^ a Company. If m several consecutive 
Trading Periods the same amount of profit is made 
(say £25,000), then it will be agreed that there Is 
absolute consistency in the results achieved, a state 
of affairs but seldom met with in commercial results. 
If, however, the profits varied between, say, £23,500 
and £26,500, the results may be said to be fairly 
consistent. If we desire therefore to studj’- consistency 
it is necessary to tabulate carefully and examine any 
deviations which occur in the data, since the wider 
these deviations are the less is the consistency'^ of the 
results. 

I. THE RANGE. 

The simplest method of measuring the dispersion 
is to take the diEference between the magnitude or 
characteristics of the extreme items of the data under 
review. In the Table of Profits set out on page 77 
we find the Range of Dispersion to be £194,000 — 
£35,000 = £159,000. If, however, an additional 
year’s profits were included, and these amounted to 
£250,000 the Range of Dispersion would have been 
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increased by no less than £56,000, i.e., from £169,000 
to £215,000, but the average profits have only been 
increased from £67,750 to £70,428*57, an increase of 
onlj' £8,678*57, a relatively small’ amount. It is 
obvious, therefore, that any unit of measurement which 
is capable of being affected to such a degree by the 
inclusion of additional items at the extremes is not 
satisfactory for usowhenareasonable degree of accuracy 
is required. Again, the Range in two different groups 
of data may be the same, but tlic actual consistency 
of the results be quite different. Let us revert to 
the case already quoted, where the profits of a Company 
varied between £23,600 and £26,500, the Range being 
£3,000. Supposing another Company operating over 
the same period makes profits varying from £48,500 
to £51,500. Hero the Range of Dispersion is also 
£3,000, but the second Company is more consistently 
nearer its average profits than the first, for it had 
twice the chance of missing its average as compared 
with the first Company. It might have obtained 
results varying between £0 and £48,500, while the 
former only had a possible variation of £0 to £23,500. 
If, however, the second Company had shown results 
varying from £47,000 to £53,000 the consistency would 
have been the same as that of the first Company. 
This is clearly seen if we assume the follo^ring figures 
for tluree consecutive years : — 

lat Year. I 2a<IYear. | 3rd Year I A\erage. 

Company A .. [ £23,500 £25,000 I £26,500 | £25,000 

Company B . . j £47,000 £50,000 j £53,000 j £50,000 

Company A aims at achieving Profits amounting to 
£25,000 whereas the aim of Company B is to show 
Profits amounting to £50,000, or tAvico the amount 
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of the former. A variation of £1,500 in the case of 
A on an average of £25,000 is the same ratio of dis- 
persion as that of a variation of £3,000 on an average 
of £50,000. 

II. ABSOLUTE AND BELATIVE DISPEBSION. 

It follows from the last example given that the 
absolute dispersion is not always to be relied upon. 
When measuring the absolute dispersion we ignore 
any question of the average, and may thus get a 
fallacious idea of the position. By using the relative 
dispersion results are frequentty more reliable than 
those obtained by using the first named, but in order 
to measure this relative dispersion, udth a view to 
comparing the deviations present in two or more 
groups, it is necessarj’^ to obtain a co-efficient of dis- 
persion for each of the groups under review. The 
co-efficient represents the fracti on of variation g ener- 
aUy o ccurring in a^ ^ grou p of dat a. U is obtained) 
by diviMng the ajbsolute~measure of dispersion used' 
by that magnitude which has been selected as repre- 
sentative of the data under review and from which the 
deviations have been measured. As no representative 
item is used in measuring the Range it follows that there 
can be no relative method of measxirement in this case. 

TTT THE MOarENTS OF DISPEBSION. 

Reference has been made to the method of measuring 
the deviation from the actual size of a representative 
item, e.g., the Average, the Median or the Mode. In 
order that such deviations (or variations as thej^ are 
sometimes known) may be accurately measured we 
use one of the Moments of Dispersion of which 
there are three — • 

(1 ) The First Moxnent. This is known as the average 
or mean deviation, i.e., the sum of the de\'iations 
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from the type taken divided by the number of items 
under review, and in this case we ignore the signs 
which would normally appear before the deviations. 
The type selected may be either the Average, the 
Median or the ^lode. Let d = the deviation from the 
average ; = the deviation from the Median ; and 

dj = the deviation from the Mode ; and n = the 
number of examples ; then : — 

— — = the first Moment of Dispersion from the 
Average ; 

— SS5 the first ^foment of Dispersion from the 

I!iredian ; 

— =a the first [Moment of Dispersion from the 
Mode. 

Tile application of the second formula to the follow- 
ing Fluency Table in which the data is composed 
of a Discrete Series, will illustrate the use of this 
Moment, The second formula is taken, t.c., the 
Median is used as the Standard type. 
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18 
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3 

21 

n c, 93 


2 d = 155 


From columns (a) and (b) of tliis Table it will be 
seen that the number of examples is 93, and that the 
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Median is therefore the 47th example. As this is a 
Discrete Series the size of the Sledian is 14, If, however, 
the data had pomprised a Continuous Series, the 
magnitude of the Median would have been located by 
Interpolation as already explained in Chap. W, § 4 (6h 
Having located the magnitude of the Median we record 
in Column (c) the deviation of the magnitude of each 
class from the select-ed tj'pe, and then multiply the 
figure so obtained by the number of items in each of 
the classes, this information being recorded in Column 
(c?). Using the figures appearing as Totals of Columns 
{&) and {d) we get the following result : — 


= 1 *6. The sign 5 is generally used 


to indicate this absolute measure of dispersion. 

This calculation gives us the absolute measure of 
dispersion, and consequently the first of the factors 
required for the purpose of obtaining the co-efficient 
of dispersion referred to above. The other factor 
required being the quantity selected as representing 
a typically sized item. To calculate the co-efficient 
of dispersion we proceed as follows : — 

Let s = the absolute measure of deviation from 


the Average ; 

= the absolute measure of deviation from 
the Median : 

Sj. = the absolute measure of deviation from 
the Mode ; 

and let a — the Average ; M = the Median ; and 
X = the Mode. 


then — = the co-efficient of dispersion from 
® the Average ; 

— ^ = the co-efficient of dispersion from 
^ the Median. 


p 
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and-^= that from the Mode. 

Applying this to the above example we get : 


M 


re 

14 


0119. 


The co-effieient of dispersion would be calculated 
for each group of data under review, and the results 
could then be easily compared. Its utility will be 
clearly seen if we take the results of the Companies, 
wliose profits in three consecutive years are as shown in 
col. (a), calculating co-efficients of deviation for each 


of them. 

(fl) 

m 1 

<0. 

Veiir 

1 Sin «( lua 1 

1 ' 

DtTlatiofi {root 
tbe Avenee 


' ; 

COMPANY A. 

1 

1 £23,600 

1,600 

2 

1 £25.000 

0 

3 

1 £2«.500 

1,600 


^ Average £26,000 

S d = 3,000 


! 

COMPANY B 

1 

1 £48,600 1 

1,500 

2 

1 £60.000 ' 

0 

3 

1 £61,600 I 

2,600 


1 Averat^ie £60 000 

3 d » 3,000 


In each case there are three examples, hence in the 
case of A the absolute Measure of Dispersion is 

3.000 

— ^ = 1,000, and the co-efficient of dispersion is 

1.000 


25,000 


= -04. 
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In the case of B the absolute Measure of 


Dispersion is 


3,000 


= 1,000 the same as in A, but 


the co-efficient in this case is = *02. It is at 

50,000 

once apparent that the co-efficient of dispersion 
corrects the wrong impression which the absolute 
measure of dispersion gives, and therefore enables 
the relative consistency in the results to be studied 
more accurately. Obviously the lower the co-efficient 
of dispersion is, the more regular is the consistency 
in the results achieved. 

(2) The Second Moment. The absolute measure of 
dispersion from tbe average in this case is known as 
the Standard Deviation, and is the one most 
frequently used. The moment is the sum of the 
deviations when squared, divided by the number of 

the items, viz., . The Standard Deviation is the 


/ y /7- 

square root of this second moment, i.e., - = o-, 

and its working is shown from the following Frequency 
Table of a Discrete Series. 


(a). 

(6). ! 

J 

Size ol Item. 

Frequency. ' 

6 

3 1 

7 

6 1 

8 

9 

9 

13 

10 

8 

11 

5 

12 

4 


n = 48 


[Col.(o) X (WJ. 



Products. 
[Ciol. (» X W ]. 
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The average to be used is the Weighted Anthmetic 
432 

Average and is therefore = 0 The Total of 


Column (/) gives us the sum of the deviations 
when squared, and from the average and this 
total the Standard Deviation can be obtained, e g , 


4 -^= 4 ^ =^2 583 = 1607 


From this Standard Deviation the co efficient of 
dispersion is calculated m the same manner as before. 


mz , — 
a 


1 607 


= 0 1785 


Short Cut JIethod The above method of amnng 
at the Standard Deviation i« the simplest only when 
the average of the items is a whole number, or when the 
deviations from such average do not contain fractions 
It frequently happens, however, that the average or 
the deviation therefrom is a fraction, or contams a 
fraction, and m «uch cases the work of calculatmg the 
Deviations, and squaring them entails considerable 
labour, thus leavmg loopholes for mistakes In such 
cases the following Short Cut Method will be found 
very useful, as well as result in a considerable saving 
of time It IS based on the mathematical proposition 
that the sum of ike squares of the deviations from the 
Anthmetic Aierage is a mtntmunt, and this statement 
must be accepted, as it is no part of the scope of this 
manual to demonstrate the truth of generally accepted 
mathematical formula The method is as follows — 
Calculate the average size of the items under 
review , select a whole number approximating 
this true average , compute the deviations from 
such assumed average ; square each of these 
deviations and summate the results Subtract 
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from such summation n times the square of 
the difference between the assumed average and 
the true average ; divide by n ; extract the 
square root of the result. This may be expressed 
in the following formal se ; when x = tlie assumed 
average and a = actual average, viz : — 



The following example wiU illustrate the method of 
procedme : — 


(n). 1 

(to. 

' (c). 

1 

(d). 1 

j 

[ («). 

(/>. 

! 

Size of Item. 

Frequency. 

} Sum o( Sizes. 
,[Col.(a) X Oj)). 

Deviations irom' 
Assumed 
Average. 
dx 


Products. 

[Col, (e) X lb)]. 

1 

4 

6 

1 

1 24 

- 4 

16 

96 

5 

8 

40 

- 3 

9 

72 

6 

10 

' 60 

- 2 

4 

40 

7 

15 

, 105 

- 1 

1 

15 

8 

14 

1 112 

0 

0 

0 

9 

12 

i 108 

+ 1 

1 

12 

I'O 

9 

1 

i 90 

i 

+ 2 

i ' 

36 


n = 74 

I 

1 

1 539 

i 

1 

1 

i 2 cZi- = 271 

f 


The true average = = 7 •284- = a. 

Let the assumed average — 8 = x 

then (a - xf = (7-284 - 8f = ( - •716)^ = -5126 

then n {a - xf = 74 x *5126 = 37‘93. 

. _ /^1 - 37-93 _ /~233-07 ' 

y . V 74 

= V 3-151 = 1’775 

If we take an assumed average of 7, the result will be 
the same. In this case, columns {d), (e) and (/) will 
appear as follows : — 
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(d) W (/) 

- 3 9 54 

- 2 4 32 

- 1 1 10 

0 0 0 

+ I I U 

4- 2 4 48 

+ 3 9 M 


!</;= 239 


then (a - x)i (7 284 -?)= = ( 284)* = -08 + 
then 7i(a - «)* = 74 X *08 = 5 93 approx. 


l-zdi-nia-z)* /239 - 5 93 /23307 

• V „ = ^ 7?— = V-tT- 

which gives the same result as before 
The Standard co efficient of dispersion is found m 
the same way as before, and in the above case would be 

-2 = IJI° = 0 2449 

a 7 284 


The Standard Deviation and the resulting co* 
efficient of dispersion have been but httle used m 
Economic Research, but is very largely used by 
biologists From a Commercial point of view the 
Average Deviation is in many ways preferable, for 
the squanng of the variations gives more weight 
to extreme items, a measure which is but seldom 
required, seeing that it xs the results of the modal class-A 
whichmll particularly interestCommercial Statisticians 1 
[Moreover there is considerable work involved in com- 
puting the Standard Deviation, and this alone makes 
it less desirable for commercial work where rapidity 
in the preparation of the results from the data obtained 
IS a verj’^ important factor 


(3) The Third Momenl The formula for this 
measure of dispersion is the sum of the cubes of the 

deviations divided bv the number of items, i e , -= — - . 

* n 
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The factors which tend to make the Standard Deviation 
unsuitable for commercial work would apply in even 
a greater degree to this measure of dispersion, and hence 
it need not be further considered. 

(4) The Modulus. This is a measure of dispersion, 
used in advanced Statistical work, and, like the 
Standard Deviation, is based on the Second Moment. 
It is usually represented by c, and the formula for its 
calculation is : — 



Here again there is no need for additional consideration, 
as this measure of dispersion "will be but seldom met 
with, or required, in commercial research. 

(5) The Quartile Measure and- Co-efficient of Dis- 
persion. This is based upon the deviations between 
the Upper and Lower Quartiles, and ignores the in- 
dividual deviations of the items in the data from the 
chosen standard. It gives a general idea of the dis- 
persion without requiring a great amount of detailed 
work such as the other measures of dispersion need. 
It will be immediately recognised that one half of 
the data falls between the two quartiles, and, since in 
most statistical data extreme magnitudes tend to be 
comparatively rare, then such examples as lie between 
the Upper and Lower Quartiles should be more or less 
representative of the whole. If we doable the number 
of items in an array, and such additional items are 
more or less evenly spread over it, then the distance 
between the Upper and the Lower Quartiles will 
also be approximately doubled. 

The Quartile Deviation is easily calculated from the 
following formula, in which Qi = the magnitude 
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of the Lo^er Quartile; and Qu = the magnitude of 
the Upper Quartile, 112 ♦ — 

Qu~Qi 

2 

To obtain the Quartile co-efficient of dispersion it 
IS necessarj, as before, to divide the Quartile measure 
of dispersion by a number representing the size of a 
typical item under review It is usuallj considered 
that the mean of the magnitudes of the Upper and 
Lower Quartiles is the most satisfactory denominator, 

tl2 , 

Qu^ Qt 

2 

The co-efficient of dispersion then *= 

Qu- Qi 

2 _ Q. - Qi 

Qu+ Qi Qu + Qi 


Example If we turn to the Frequency Table 
appeanng on page 221, we shall find that the Lower 
Quartile is of the size 12, while the Uppei Ouartile 
measures 15 Using the magrutudes so obtained the 
Quartile Measure of Dispersion — 


The Quartile co-efficient of Dispersion therefore = 
15 - 12 , 3 

2 ^15 

15 + 12 “ 27 “ 13-5 

2 " 2 “ 


= 01 
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(6) The Lorenz Curve. The graphic method can 
also be used for the measuring of divergencies from the 
average. The best method is that adopted by Dr. 
Lorenz for the measuring of the distribution of wealth, 
the curve showing the distribution being known as 
the Lorenz Curve. It takes the form of a cumu- 
lative percentage curve, combining the percentage of 
items under review vdth the percentage of wealth 
or other factor distributed among such items. This 
curve should be verj?^ useful in commercial statistical 
work for comparing the distribution of profits over 
different groups of businesses. The following example 
illustrates the method of construction of the curves 
shown in the accompanying Diagram. Two groups 
of businesses, A and B, are to be compared with a 
view to studying how the profits earned in each group 
. have deviated from the average, and from one 
another. * 


Total Amount of Prollta 
earned by Ckjmpanles In 
each Division. 

No. of Companies In each Division. 

Group A. 

Group B. 

£ 



600 

6 

1 

2,500 

11 

19 

6,000 

13 ' 

26 

8,400 

14 

14 

10,500 

1 15 i 

14 

15,000 

17 

13 

17,000 

10 

6 

40,000 

14 

7 

£100,000 

100 

100 


It is first necessary to turn these results into a 
Cumulative Percentage Table as below. It should be 


* For the sake of convenience the number of Companies in each of the groups 
has been made 100, and the profits earned £100,000. If the numbers and 
amounts did not amount to 100, or a multiple thereof, percentages would 
have to be calculated. 
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Cfyp» • J 


W 


o 50 60 JO to So • 

IV' C»"" •• Co— ^B-> «$ 
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noted that in the example the cumulative frequencies 
also give the percentages, otherwise additional columns 
would be provided to show these. 


Amount 
of Profits. 

PKoms. 

< 

Geocp a. I 

Gnonp B. 

Cumulative 

Profits. 

Percentage 
of Profits 
to Total. 1 

No. of 
Companies. 

Cnmulafive 
No. of Co5. 
and % of 
TotaL 

Xo. of 
Companies. 

Cumulative 
Xo. of Cos. 
and % of 
ToUI. 

(n). 

(6). 

fe). 

(d). 

(e). ; 

(/). 

ivh 

£ 

£ 






600 

600 

0-6 ' 

6 

6 

1 

1 

2,500 

3,100 

3-1 

11 

17 

19 

20 

6,000 

9,100 

9-1 ' 

13 

30 

26 

46 

8,400 

17,500 

17‘5 1 

14 

44 

14 

60 

10,500 

28,000 

2S-0 

15 

59 

14 

74 

15,000 

43,000 

43-0 ‘ 

17 

76 

13 

87 

17,000 

60,000 

60-0 

, 10 

86 

6 

93 

40,000 

100,000 

100-0 

14 

100 

7 

100 


In plotting the percentages shown in Column (c) 
the vertical scale is used. As will be seen this reads 
upwards from 0 to 100 per cent. The data in Columns 
(e) and {g) are plotted from the horizontal scale winch 
reads from right to left. The curve CD represents 
the distribution of Profits in Group A, while that 
marked EF shows the distribution in Group B. If 
the distribution of profits over either of the groups 
was even, i.e., if all of the examples made the same 
amount of profit, the straight line XY would represent 
the distribution, therefore the divergence between 
this line of equal distribution and the curve of actual 
distribution will picture the deviations from tlie average 
which are present in the data under review. Similarly, 
a comparison of the cur\'es representing the actual 
distribution in the different groups under investigation 
will show the difference wliich exists between the two 
groups. This method does not furnish us with any 
numerical result which may be used for measuring the 
dispersion, and should therefore be used in conjunction 
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With one of the co officiente of dispersion whenever a 
detailed study of tlie deviations is required 

There is ob^ loiish a tendencj for the curves to 
coincide at the extremities, and it is therefore usual 
to plot the two extremes on separate charts using a 
much larger eeale m ordci that the deviations of the 
extreme items may be properly analysed and studied 

§ 2 — Skewness 

alieady explained in Chapter M, SkewTiess 
IS present when the dispersion of items in a group is 
not sjmmetncal, and results m the a\Drage and the 
Median being pulled awa\ from the Mode, near which 
they are both located when the deviation is of an even 
character It frequently becomes necessary, howeier, 
to study the Skewmess present in two groups of varying 
data of the same nature, and, in order to do tins the 
Skewness must in each case bo con\ erted into a numen 
cal quantity, for the curies themsohos will usually 
be sucli tint thev cannot be compared Co efiicicnts 
of bl twncss must aUo bo calculated and used for the 
same deficiencies winch arc present m the Measures of 
Dispersion are also present in those of Skewness In 
the case of Dispersion we desire to ascertain the dena 
tion from the chosen st ^ndard which exists in the data 
being investigated, whereas in tiie case of Skewness 
it is necessarj to measure the amount b's which the 
deiiations on one side of the standard taken exceed 
those on the other In obtaining the co efficient of 
SkewTiess thercfoie, the divisor used must aluaas be 
some measure of deviation and not the chosen standard 
itself as IS the case in the co efficient of dispersion 
(a) The liirst Measure and Co>efflclent of Skewness 

TJie simplest measure in this case is the distance the 
Anthmetic Average is diverted from the "Mode, and is 
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found by subtracting the magnitude of the Mode from 
the Antlimetie Average, i.e., a — x, -when a = the 
Arithmetic Average, and x = the magnitude of the 
Mode. The symbol j is used to indicate the co- 
efficient of Slceivness, and the co-efficient based on the 
above measure vdll be : — 



Ver}^ little difference vdll result if the average deviation 
from the Arithmetic Average be used in place of the 
average deviation from the Mode used in the formula 
given above, provided of course that the same divisor 
is used in all cases wliich it is desired to compare.* 

As we have already seen in Chapter IV it frequently 
happens that the Mode is not very clearly defined, 
and hence cannot be used vuth an}’- degree of 
certainty. In such cases the best measure which can 
be used is a - ilf {i.e., the difference between the 
Arithmetic Average and the . Median), and the 
co-efficient of Ske-v^mess would then be calculated from 

^ — —. It must however be remembered that the 

^ii 

Median wiU have been moved at the same time, 
though to a lesser degree, than the Arithmetic Average, 
and it therefore follows that this Measure and co- 
efficient of Skewness will not be so satisfactory in use 
as the one based on the Mode, when this can be clearly 
identified, for this is seldom affected by additional 
examples. 

(b) The Second Measure and Co -efficient of Skewness. 

When Skeivness occurs in an array the magnitude 
of the Quartile nearer to the extended end of the 

* iis Skewness may occur on either aide of the Mode it is obvious that 
the average may be smaller in magnitude than the Mode, and hence the 
result of "the above computation would show a minus answer. This minus 
result woMd indicate Skewness below the Mode, whereas in the other case 
the Skewness would occim between the Mode and the upper extremity. 
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curve IS increased in the direction of tlie magnitude of 
that extremity to a greater degree than is tlie magm- 
tude of the other Quartile The result of this is that 
the magmtude of the Median will no longer be approxi 
niately mid-way between the magnitude of the Upper 
and Lower Quartiles In the data tabulated in Table P 
(page 146) the magnitude of the Median will be 
found to be £2,165 , that of the Lower Quartile is 
£1,547 14 , while the Upper Quartile Measures £2,795 
The difference in the magnitudes of the Sledian 
and Lower Quartile is therefore £2,165 14 - £1,547 
= £618 14 , while between the Upper Quartile and 
the Median there is a diffeience of £2,795 - £2,165 14 
= £629 86 If we now turn to Table Q (page 160), from 
winch the Skew Curve m Diagram 3a was plotted, we 
find that the magmtude of the Median is £2,647 06 , 
the Lower Quartile measures £1,765 8 , and the Upper 
Quartile is £3,477 7 In this case, therefore, the 
difference between the magnitudes of Ikledian and the 
Lower Quartile is £781 26, but between the Upper 
Quartile and the Median the difference measures no 
less than £930 64, a greatly increased difference as a 
result of the Skewness The second measure of 
Ske^vness is based on the fact that the Median moves 
but little as compared with the Quartile nearest to the 
extremity on which the Skewness hes It ts calculated 
hy adding the magnitudes of the Upper and Lower 
QuariileSy and subtracting from the summation twice 
the magmtude of the l^edtan^ % e , Qv-\- Qi- To 
obtam the co efficient m this case we divide the above 
measure by the Quartile Measure of Deviation, which 
gives us the formula — 

Qi~2M 

^ Q.~ Qt 

O 
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Applying this to Table Q. already quoted : — 

. 3477-7 + 1765-8 - 2 ( 2547 - 06 ) 

^ 3477-7 - 1765-8 

2 

_ 149-38 
855-85 
= 0T74J^ 

If the co-efficient is preceded by a plus sign the 
Skewness occurs between the Median and the upper 
extremitj^ while if aminus sign precedes the co-efficient 
then the Skewness is in the lower half of the array. 
This co-efficient of Skewness enjoys the same advan- 
tages and suffers from the same disadvantages as the 
Quartile co-efficient of dispersion. The principal, 
objection is the fact that the extreme items are notj 
considered at all, but, as already pointed out, for ' 
commercial use a study of the examples located at 
the position of greatest density is frequently sufficient. 

(c) The Third Measure and Co-efficient of Skewness. 

The formula used for measuring the )Skewness in 
this case is ; — 

V n 

The solution of this requires considerable calculation, 
and moreover gives increased weight to the magnitudes 
of the extreme items, and hence is unsuitable in every 
way for commercial work. To obtain the co-efficient 
of Skewness either of the measures of deviation may 
be used, but the Standard Deviation is that generally 
adopted. In such a ease the formula for the cal- 
culation of the co-efficient would be : — 
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SYNOPSIS TO CHAPl’ER IX. 

INDEX NUMBERS. 


S l — liOOATiso CACsea or Price FtwcrnAtioss 

2 — PnoraBTiosAc o& Lmsices 

3 — CON3TBCCTtON or IvDCX NUMBERS 

(а) FiTed Base Mombers. 

(i) Cham Basa Numben 

4 •'-AnTAKTAOEa AMD DlSAOTAHTAOES OF IMDEX KCMSEBS 
5 '—Ur Sacebbecs’s COUB5E or Aeesaoe Patcss 

«. — The “ Statist a ” Ihoex Number. 

7 — ^The“ Ecovouists’ IkueeNumbes 
8. — The Boabd or Traps Index Kumbeb. 

9 — “PwANcrAi Trass” WsExtr Ikdex Kumbeb 

10 — Ikdex Number or the Coubsb or Waoes 

11 — Cost or Lmxo Ikdkx Nuxbeb. 

12 — Commsbcial Uses or Isdkx Numbzbs 

(o) Tbs Wages Probisrcu 

(б) Inveetment lodex Nnmber 

(e) The Economut lodsx of Boemesa Activity 
(d) Component Sonea of the Index of Buatnssa Actmty 
(<} Coating 
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CHAPTER IX. 


INDEX NUMBERS. 

It frequently becomes necessary in Statistics to 
analyse movements, sucli as that of price, with a view to 
discovering the reasons actuating them. If the price of 
a commodity such as Wheat or Barley changes, the 
movement may be due to a large variety of causes, 
some of which may be summarised as follows : — 

1 . To a fall in production without a corresponding 
diminution in the demand ; hence a shortness 
of supply would occur, and following the 
economic law of supply and demand the price 
would increase. 

2. To an increase in demand with no addition 
to the supply, in which case price would 
again increase. 

3. To the converse of either 1 or 2, with a 
resultant faU in price. 

4. To a change in the purchasing power of money, 
for when the purchasing power of money 
increases the prices fall, while if the purchasing 
power decreases then the prices rise. 


0 
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§ 1. — Locating Causes of Price Fluctuations. 

It is frequently as much to the advantage of the 
business man to know the reasons for the fluctuations 
of prices as for the statistician to record them and 
analyse tlieir effects, for if the supply of a commodity 
is likely to be short, there is a field for the re- 
munerative employment of spare capital ; u’hile if the 
demand is more than met or is falling off, it is useless, 
from a commercial point of view, launching a new 
venture to produce additional supplies of that 
particular coramodit3’ or article. 

In the case of such commodities as arc largely pro- 
duced by nature, and the production of wJiich needs 
the aid of natural forces, a shortage or an abundant 
supply can usually be anticipated some time ahead. 
All crops would fall into such a class though oven 
the most conservative estimate of the possible pro- 
duction is likely to be uTong should some unforeseen 
calamity liappen before the horvest can be gathered, 
such as a cloud-burst or floods. Weather may affect 
some of the crops adversely, and not others, but when 
we find the price of all crop commodities moving in 
the same direction at the same time wthout anj' change 
being apparent in other commodities, there is strong 
presumptive evidence that the liarvests have been 
good when the price falls, or have been bad when the 
price advances, and the greater the advance under 
eiAC,l\ cAciditiauA th«. tb.'i Tl\e. lQaari.cHX 

of such causes is a comparatively simple matter, but 
when we find the prices of commodities of a widely 
varying nature moving in the same direction at the 
same time the cause is not so apparent, and further 
inquiry is necessary if we arc to find the true reason. 
If we find, for instance, that the prices of two com- 
modities, such as Steel and Potatoes, are rising, it may 
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well happen that the change in prices is due to a change 
in the purchasing power of money, and that this pur -3 
chasing power has fallen, since those factors which 
are likely to affect the price of potatoes are not likely 
to influence the price of steel. It might, of course, 
happen that a strike in the steel trade had shortened 
supplies of that commodity at the same time that 
the crop of potatoes was poor, and the prices of both 
commodities thus increased. The best course of inquiry 
to pursue, however, is to eliminate any question of the 
influence of the changes in the purchasing power of 
money, and this is always likely to be present when 
prices of commodities of a different nature change at 
the same time in the same direction, and, when the 
ratio of change is approximately the same, the 
evidence of this is much stronger. The following 
Table shows assumed average prices for these com- 
modities for seven years, and will serve to illustrate 
the point aimed at : — 


Year 

St€el, per Ton. 

Potatoes, per Cwt. 


£ 

£ 

1 

7-5 

■25 

2 

7-0 

•2375 

3 

6-5 

•2125 1 

4 

7-0 

•2376 

5 

8-0 

•2615 

G 

9-5 

•35 

7 

10-5 

•376 


We cannot see from this Table whether the prices 
are subject to the same or similar fluctuations, and 
even when plotted on a chart, as has been done in 
Diagram No, 21, the position is no clearer, for though 
the price of steel shows very considerable fluctuations 
the curve showing the potato prices appears to be 
almost level. This is, of course, largely due to the 



Price. 


241 


[Chap. IX- 

STATISTICS AND THEIR APFUCATIOK TO C05DIEECE. 

DIAGRAM n® 21. 

QiortsWlnJlfcs Fluctuations in ttieR-Jces oj Steel and R?latoc 5 , 
< Rctual Bices. 



1 2 3 4 5 6 7 

Years. 
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difference which exists in the units used as a standard 
measurement of the two commodities. Had we taken 
a ton of potatoes the variations in the price of this 
commodity would have been more apparent, while 
they would have been still clearer had we taken 30 
hundredweight of potatoes as being equal to a ton of 
steel, since it will be found that the price of a ton of 
steel is roughly thirty times that of a hundredweight 
of potatoes. In the diagram under review the varia- 
tion of one-tenth of an inch on the vertical scale means 
a very small variation in the price of steel, but a 
very large fluctuation in the price of potatoes. 


§ 2. — Proportional Numbers or Indices. 

In order to compare the changes in price it will be 
necessary to use some method which •vviU bring the two 
commodities under nearly equal conditions, so that 
relative changes can be shown with ease. This can 
best be done by the use of Indices, using some well- 
defined data of the same period in each case as a base. 
This is usually done by taking the average price of 
some arbitrarily chosen period and equating this to 
100, and then working the percentages which the price 
of each year bears to the average price of the chosen 
base. An alternative method is to take the average 
of the years under review as the base, and this method 
is advantageous when the review of the data is to be 
carried out at the expiry of the time ; but if we are 
going to make the data of a continuous nature, the 
former method is preferable. If the average of the 
years in the Table be taken, the chance of abnormali- 
ties being present is reduced, for if we take an arbitrary 
period it may well happen that some factors are present 
which win affect the result. By following the second 
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DIAGRAM 09 22 . 

Chart ahov<in§ the Roctuations oj tht Riora Ste.eL ani Porafetj. 
» Indices. 



1 2 A 4 sc 


\E4R'-. 
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of these two methods in this case we should find the 
result to be as follows : — 


Year. 

Steel, 
per Ton. 

Potatoes, 
per Gwt. 

Index of 
Steel Price. 

Index of 
Potato Price.’ 


£ 

£ 



1 

7-5 

•25 

93'75 

90-9 

, 0 

7-0 

•2375 

87'5 

86-36 

3 .. 

6*5 

•2125 

81-25 

77-27 

4 

7-0 

•2375 

87-5 

86-36 

5 

8-0 

•2615 

100-0 

95-09 

0 

9-5 

•35 

ns-75 

127-27 

7 

10-5 

•375 

131-25 

136-36 

Average . . 

8 

'275 

100 

100 


From this Table it will be seen that the fluctuations 
are very similar, but when they are plotted into curves, 
as has been done in Diagram No. 22, the relationship 
at once stands out clearly. It is true that there are 
minor discrepancies as in year 5, when the price of 
potatoes did not rise so sharply as did the price of steel, 
and again in the following year, when the former rose 
more sharply than did the latter ; but the general 
movement was obviously almost entirely the same, 
thus leading to the assumption that the same factor or 
factors Avas responsible for the main change in price in 
both cases. What factor is likety to affect commodities 
so widely divergent in their nature and method of 
production in the same manner and to nearlj?^ the same 
degree ? Practically the only common factor is a 
change in the purchasing power of monej’". The minor 
fluctuations observable in comparing the two curves 
can be accounted for by the fact that the potato crop 
is subject to natural forces which may vary in their 
effects, but which are not sufficiently powerful in 
their action to nullify the general tendency. Thus in 
year 5, though the price would advance as the result of 
the change in the purchasing power of money, the full 
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effect has not been obsCTvable in this year oAring to, 
say, a very prolific crop of potatoes, while in the fol- 
lowing year the crop was a poor one, and this caused 
an extra advance in the price. 

By means of such operations as this we are able to 
compare the relative changes in various commodities, 
which, when actual figures only are used, are difficult 
to bring together owing to variation in the basis upon 
which the price is fixed. 

The effect which any change in the purchasing power 
of money has on commodities in general, and conse- 
quently on the business world asa whoIe,isaremarkable 
one, as has been increasingly recognised during the 
past two or throe years. It is only by means of Indices/ 
that we are able to measure some of the changes which 
take place owing to the operation of this and othey 
factors. ‘ 

§3. — Construction of an Index Number. 

(a) Fixed Base Numbers. 

The usual method of obtaining a general Index 
Number to measure the increases or decreases in the 
general level of prices is as follows : A number of 
commodities which are in common demand and whose 
wholesale price can be accurately ascertained or 
estimated, are chosmi, and the prices r ulin g for a 
serves A. peried vsed as 

the base for the comparison is then selected. This 
may be a particular year, or a number of consecutive 
years. Tho latter is mxich preferable for reasons 
which have already been discussed nhen dealing nith 
Averages. • The average price of each commodity for 
the ba«:e period is then calculated, and equated to 
100. The actual or average prices of each commodity 
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ruling in subsequent periods is then converted 
into a percentage of the selected base, and we thus 
obtain a series of Proportional Numbers or Indices. 
Por example, supposing we were using the seven years 
1 to 7 as the base for our number, and the piices 
of Steel and Potatoes for this period were as shown on 
Page 243, then £8==tlie average price of .Steel and is 
equated to 100 ; while £'275 = the base price of 
Potatoes and is also equal to 100. If in the next years 
the price of Steel was £9 per ton and that of Potatoes 
was £‘3 per cwt. the Proportional Numbers would 
be : — 


Steel 


9 X 100 


8 


= 112'5. 


Potatoes = 


•3 X 100 
•275 


= 109*09. 


The following data represents the Indices obtained by 
converting the wholesale prices of the commodities 
named into percentages of the average price of the 
base period, which in this case may be presumed to 
be the average price ruling during the years 1-5 
both inclusive : — 


Year. 

Wheat. 

1 Cotton. 

1 

j 1 

Iron. ! 

i 

1 

1 Wool, j 

; Leather. 1 

Silk. . j 

Timber. 

G 

101 

115 i 

114 ! 

110 

102 j 

101 i 

96 

7 

97 

110 

120 

US 

1 98 

103 1 

98 

8 

95 i 

i 112 

105 

110 , 

94 

98 ! 

105 

9 

103 

i 114 

90 

112 

90 

96 1 

99 

JO 

101 i 

i 116 

110 

110 

93 

99 

106 

11 

115 1 

1 110 

160 

105 

110 

120 

120 

12 

130 

200 

200 

205 

130 

, 150 , 

140 

13 

180 

310 

240 

315 

180 

! 200 ; 

200 

14 

240 

360 

260 

370 

j 220 

240 ' 

220 

15 

310 

i 500 

j 1 

1 3=0 

510 

I 310 

290 ' 

! 

320 


To obtain the Index Number for a particular year 
it is only necessary to take the average of the 
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proportionate numbers (or Indices) for that particular 
penod, but, as vre are alreadj' airare, tliere are vanous 
types of a^erages which we could use If we wish, 
for instance, to study the relative cost of living, it 
will be neccssan to use an average entirely different 
from tliat which will give the desired result if we are 
investigating the effect of a change m the purchasmg 
power of money The purchasmg power depends very 
largely upon the volume of money in existence and 
upon the speed with which it circulates If we increase 
the volume of monej in a country, or the speed with 
which it circulates, then, all other things being eqnnl, 
we shall fmd the pnee of commodities in general will 
increase in like ratio If the increase in monej is 
accompanied by an increase m purchasable com- 
modities, then the nse wiU onlj take place in so far 
as the volume of mone> has increased beyond the 
volume of increased supphes On tlie other hand, 
if the volume of monej falUontsrapiditj of circulation 
decreases, wlule the supply of commodities remains 
unchanged, then the prices will fall For the purpo'^e, 
then, of considenng the effect of a change in the 
purchasing power of monej, the n<5e in the price of 
anj' one article in common demand will be just as 
smtable as the nse m the pnee of anv other similar 
commodity, provided, of course, that no extraneous 
circumstances have affected the pnee of either in 
addition to the alteration due to the change in the 
purchasing power of money The presence of anv 
extraneous influences can usuall\ be discovered by 
a careful study of the Table of Indices, or by tracing 
the divergence of curves when the Indices haie been 
plotted on a graph, for if the proportional number of 
one commoditj’ shows an abnormal fluctuation (as did, 
for mstance. Wool m the seventh year, and Iron in 
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year 11), which is not general to all or the majority 
of the commodities selected, then the presence of 
influences outside the change in the ptmchasing power 
of money is shown, and hence where possible such 
extraneous influences should be ehminated before 
endeavouring to obtain any indication of the trend 
of prices, that is to say, we shall endeavour only to 
consider the change which is brought about by one 
factor winch affects the price of all the articles 
impartially. If we take the Table of proportionate 
prices on page 249 we shall find that the following 
will be the averages of the Indices we can obtain 
for each of the years dealt with : — 


Year. 

Aritlunetic 

Average. 

Geometric 

Arcnige. 

Stediau. 

0 

, 103-6 

105-3 

102 

7 

' 110-1 

109-1 

103 

8 

102-7 

102-5 

105 

9 

' 101-4 1 

101-1 

99 

10 

105-0 

104-7 

lOG 

11 

120-0 ) 

1 119-0 

115 

12 

1 165-0 

161-8 1 

150 

13 

1 232-1 

226-2 i 

200 

14 

272-S 

2GG-7 1 

240 

lo 

365-7 

35G-2 j 

320 


It vdll at once be seen that the three averages 
differ considerably, though the difference between 
the Arithmetic and Geometric Averages is so shght, 
especiaUj'^ in the earher j'ears, that the advantages 
aeeruing from the use of the Geometric Average are 
hardly' sufficient to Justify the large amount of extra 
labour involved in its calculation. As we Imow, the 
Arithmetic Average is affected by any’' extremes which 
may exist in the series, and this disadvantage is 
shared also, though to a smaller extent, by the Geo- 
metric Average, unless the number of items concerned 
be very large. The effect of the extreme items is 
seen in- the years 7 and 11, when the Arithmetic 
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and Geometnc Averages of the former are affected by 
the lugh index numbers of Wool, and of the latter by 
the high pnce of Iron , but its full effects are better 
seen in jear 13, in which year the high numbers for 
Cotton and Wool greatlj increased the average over 
the prices or numbers ruhng in the majonty of the 
items in the Table In the data under review, how- 
e\er, tlie number of commodities dealt with is very 
small Usuallj some fifty different commodities are 
I selected, and hence the influence of any item of ab- 
normal magmtude would be diminished to a much 
greater degree than appears to be the case in the 
example quoted It mil be remembered that the 
, Median is but little affected b\ tlie extremes, and thus 
in such cases as this, where ail the proportionate 
numbers are not affected to the same degree, the 
Meflian will be found to be the most reliable guide to 
i use, and this becomes increasingly '^o when the num- 
ber of commodities under review is greatlj increased 
I Not only ** 0 , but it is certainly the easiest a\ erage to 
obtain, for it entails no calculation So far, however, 
the Arithmetic Average Ins been the one more com- 
monh emplo^ed in this connection It is obnous m 
the figures before us that the general tendencj of the 
pnees IS to increase, as showm bj an Index Number 
based on either of the averages we haae extracted, 
thus indicating that the purchasing power of money 
has dechned , but an examination of the indices upon 
which these averages are ba<aed shows that other 
factors were also present, and played an important 
part in the pnce changes, and therefore further m- 
quiry would be necessarj to locate, and (if possible) 
measure the power of these factors 
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(b) Chain Base Numbers. 

One of tlie most serious disadvantages from which 
Index Numbers as a whole suffer is the fact that an 
arbitrary period must be chosen as a base for compari- 
son, and that after a long time has elapsed the ratio 
of price changes calculated on such base is not truly 
representative of the conditions then prevailing. As 
will be seen when considering the individual Index 
Numbers in vogue in tliis country the Statist bases 
its comparison upon the prices which were ruling in 
the years 1867 to 1877, while the Economist originally 
based its number on the average prices ruhng during 
the period 1845 to 1850. In the latter ease, however, 
it was recognised that the prices of the base period 
were no longer suitable as a base of comparison, and 
in 1911 the Index Number was revised, and the average 
prices ruling during the period 1901 to 1905 were 
selected to take the place of the original base period. 

It must be also remembered that modern progress 
has called into general use many articles not known 
to our forefathers, while in other cases public taste has 
caused the demand for certain commodities popular in 
the eigtheenth century to decline, if not to disappear. 
This former fact was recognised by the Economist 
in 1911, when it doubled the number of articles com- 
prised in its number. The latter fact, however, has not 
so far been dealt with. When it is desired to extend the 
scope of the Index Number based on a fixed period, 
so as to include articles wdiich have subsequently 
sprung into demand, the compiler is faced with the 
difficulty of obtainhig a quotation for the commodity 
such as ruled during the base period — ^whUe in both 
cases mentioned above the addition of a new quotation, 
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or the substitution of the quotation of one commodity 
for that of another impairs the ntditj and accuracj of 
the intervemng Index Numbers 
The recognition of these defects and difficulties has 
led to a nei\ method of construction ^4hlch overcomes 
to a \ery large degree the objections oiithned above, 
and this method has been adopted in the new Board 
of Trade Index Number descnbed later Instead of 
using the prices of any given base period, the prices 
of the commodities are calculated as percentages of 
the prices ruling at the same time in the previous jear 
Thus the prices rubng in March 1939 would be expressed 
as a percentage of those obtaining in March 1938 
The procedure after the preparation of the Indices 
bung the same, or similar to, that adopted for Index 
Numbers based on a fixed period This procedure 
mal es companson possible with modem conditions, 
and moreo\ er enables other commodities to be included 
without disturbing the sequence of the numbers, or 
permits quotations being omitted when the com- 
moditv IS no longer m general demand Such an Index 
Number can therefore be adjusted to meet the needs 
of business men This method of calculation is known 
as the “Cham Base” method 


§ 4 — ^Advantages and Disadvantages of Index 
"Numliers 

Bv means of an Index Number we are able to 
gauge any advance in the pnee of any one or more 
commodities It is usual to group the 'selected com 
raodities in some manner which will conveniently 
show the price movement of any group In the new 
Board of Trade Index Number, for instance, there are 
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150 quotations arranged in eiglit groups of approxi- 
mately equal importance. These groups are as follow: — 

(1) Cereals. 

(2) Meat and Fish, 

(3) Other Food.stuffs. 

(4) Iron and Steel. 

(5) Other Metals and jMinerals. 

(6) Cotton. 

(7) Other Textiles. 

(8) Other Articles. 

From the quotations comprised in each group an 
Index Number for the group is obtained, thus allow- 
ing the movements of prices therein to he studied. 
Similarly an Index Number is calculated for a com- 
bination of the first three groups, and also for the last 
five groups, thus giving us an Index Number for Food, 
as well as one for Artieles other than Food. Finally a 
number for the whole series is obtained. The compilers 
of other Index Numbers adopt a similar method of 
procedure. 

It is of course obvious that the whole of tlie com- 
modities in common use cannot be included in the 
composition of an Index Number, and that the principle 
of “ sampling ” has therefore to be adopted. The 
larger the number of items included the greater will 
be the reliability of the resultant Index Number, 
since by increasing the number of items included 
we tend to eliminate the effect of any abnormal 
fluctuations wliich have taken place in the price of 
one or more of the individual items. 

The following Table extracted from the annual 
report of Wholesale Prices of Commodities in 1938, 
compiled by the Editor of the Statist for pub- 
lication by the Royal Statistical Society, shows how 
Index Numbers can be used for the purposes of com- 
parison : — 
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iIo>-TnLY Inpzx NoMBEtts OF Whoosale pEicza 
OF Commodities 
JaMIapy, 1036 — ^L\RCH, 1939 


Food. 


AalmaJ 

Fcx>l> 


Food 

ctnUi. 


Min 

frab. 


t,t 'andry Toul All 

*11^ Cc«n 

*"• riah. rtils. 


1936 











“3 4 

104 8 

41 9 


1149 

84 9 

86 2 

93 5 


Feb 

71 9 

104 9 

41 0 

77 6 

116 9 

84 1 

S6 7 

94 0 



71 0 

104 1 

40 8 

76 8 

1166 

81 7 

86 3 

' 94 0 . 

1 86-7 


"3 4 

102 3 

40 9 


1167 

81 4 

85 9 

92 8 

862 


"1 2 

103" 

39 6 

78 3 

1147 

"9 1 

84 2 

90 8 

85 6 


69 I 

1104 

33 o 

77 9 

1127 

77 7 

842 

90 0 


July 

69 3 

1140 

33 9 

79-. 

1145 

80 7 

87 5 

92 7 1 

1 87 1 


76 4 

112 1 

39 1 


1156 

79 6 

91 7 

94 4 

89 0 


80 3 

111 8 

39 4 

83 3 

1199 

81 1 

908 

95 6 

90 4 


83 9 

1113 

49 8 

84 9 

122 8 

84 7 

83 8 

96 7 1 

91 7 


84 0 

1105 

4! 9 

84 9 

129 9 

1 87 6 

93 6 

1015 

94 5 

Dec 

89 a 

1105 

4a 0 

87 9 

136 2 

02 4 

991 

107 0' 

98 9 

193T 


91 3 

103 1 

46 2 


154 5 

9a 0 

1003 

108 II 

99 6 

Feb 

91 1 

111 S 

46" 

89 3 

144 8 

96 1 

101 6 

1115 

1021 


97 0 

1184 

48 3 

94 6 

1535 

1002 

101 0 

1165 

1073 


06 3 

l^O 1 

48 » 

95 0 

138 5 

1000 

103 7 

1116 

104 7 

Mat 

9o6 

121 8 

502 

95 7 

146 1 

1009 

102 7 

1138 

106 3 


90 9 

121 2 

502 

93 5 

14a 9 

OS 9 

102 2 1 

1129, 

104-7 


03 9 

1^3 3 

505 

95 2 

149 4 

97 6 

102? 

1137 

105 9 


93 4 

121 ■ 

49 5 

94 2 

1480 

9a 1 

100 9 

1118 

1 104 4 


94 5 

1192 

50 5 

94 3 

145 8 

010 

100 7 

109 9 

103 3 


96 4 

1176 

49 0 

94 2 

138 6 

85 4 

99 3 

105 6, 

1 100 8 


94 4 

1140 

47 1 

91 7 

135 5 

78 7 

93 7 

100 3 

1 96 7 

Dec 

9o" 

1172 

45 6 

93 1 

134 7 

"9 5 

93 8 , 

100 4 { 

; 973 

1938 1 


SoO 

115 2 

44 2 

91 7 

135 0 

"9 4 

92 8 

100 0, 

96 5 

Feb 

92 0 

117 1 

42 7 

90^ 

136 2 

78 6 

1 93 7 

100 5 1 

96 4 


89 9 

116 9 

42 3 

89 8 

133 3 

75 5 

1 906 

97 4 1 

[ 942 


89 1 

116 9 

42 4 

89 5 

132 3 

1 75 3 

1 89 1 

I 96 5 

93 5 


89 1 

114 3 

42 3 

885 

139 6 

1 72 3 

85 9 

93 5 

91 4 


89 5 

111 1 

42 0 

87 5 

134 2 

72 8 

84 6 

94 3 

i 91 4 

July 

S3 5 

109 6 

42 0 

84 4 

,136 0 

' 7a 1 

] 85 7 

96 0 

[ 91 1 


-6 2 

106 9 

42 9 

80 5 

134 6 

73 3 

’ 84 6 

94 5 

1 88 6 

Sept 

"4 3 

lOo 7 

43 7 

79 4 

'l37 1 

73 4 

84 8 

95 4 

1 88 6 

Oct 

70 7 

104 1 

43 0 

77 2(141 1 

74 4 

85 9 

97 21 

88 8 

Sov 

67 0 

103 6 

430 

75 4 

UQ6 

73 1 

816 

96 1 

, 87 4 

Dec 

6S 7 

109 6 

44 0 

78 6 

140 0 

75 4 

84 8 

96 8 1 

: 89 1 

1939 








i 



63 9 

1109 

43 3 1 

79 0 

134 8 

78 0 

1 840 

959 : 

88 7 

Feb 

67 7 

1100 

431 ' 

78 2 

133 8 

, 80 1 

83 9 

96 2! 

88 6 

JUreO 

67 3 

111 7 

441 

78 8 

133 9 

' 80 7 

‘ 84 2 : 

i 

t : 

1 96 51 

89 0 


Repnnted by kmd peimissioa of Tht StaM 
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The Index ISTumbers shown for the two main groups, 
as well as that shown for the Total, are not, of course, 
obtained from the figures of the classes in the group, 
but are obtained separately by averaging the total 
of the indices of aU the commodities in the groups 
or in the Total. 

It will be seen from the above Table that though 
price level in March, 1939, had increased slightly as 
compared \yith January, 1936, the change has not 
been uniform throughout the various groups, for 
while Vegetable Food shows a decline from 73*4 to 
67*3 or 6*1 points. Animal Food increased by no less 
than 6*9 points, i.e., from 104*8 to 111*7. Similarly, 
we find that Minerals show an increase of 19 points, 
yet Sundry Materials fell by 2 over the same period, 
but the Index Number for the whole of the com- 
modities shows an increase of 1*9. To put the matter 
more plainly, commodities which cost £87*1 in January, 
1936, would cost £89 in March of 1939, a rise of 
approximately 2*18 per cent, in the period under 
review. 

To the ordinary business man, however, it is 
but little compensation to know that while he has 
to pay on the average only 2*18 per cent, more for 
all commodities, yet if he is a buyer of Minerals they 
wiU cost him 16*5 per cent, more than in January, 
1936. Hence, though such an Index Number as 
this shows the general trend of the prices, it is 
by no means correct or conclusive, for though the 

- R 
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commodities chosen are those in common use, the 
assumption is m'lde that an equal number of umts of 
all the commodities is available, or is demanded, and 
it bt no means follows that such is the case Another 
unsatisfaetorj featuie of such an Index Number is 
that no consideration is paid to the quahtj of the 
articles, and this vanes verj greatlj Obviously, 
an article of better qualitv mil cost more than an 
article of mfenor quaUt5, but frequentlj our sources 
of Statistics pay no heed to this important pomt 
An example of this is to be seen m tlie “ Statistical 
Abstract of the Umted Kingdom, ’ where the average 
pnco of Rubber is calculated from the pnces of all 
kinds of rubber, including Waste and Re Claimed 
Rubber We are compelled, therefore, to ask our 
sehes to what extent the change m the quahty of 
the commodities has affected the pnce Unfor- 
tunately, the pubhshed Statistics as compiled by the 
vanous Gorernment Departments do not give us 
tlus information Consequentlj if we desire to 
estimate the effect of such changes in quality it is 
necessary that we carefully record rehable market 
reports of the various qualities, and thus, after the 
lapse of a long term, we may be enabled to gauge 
the effect of sucli changes, though even then the 
information viU be largely of an mdefinitc nature 
since so many vanations in quahtj are possible 

§ 5 — Mr Sauerbeck’s Course of Average Prices 
One of the best known and most quoted Index 
Numbers is Mr Sauerbeck’s Course of Average Pnces, 
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and this is based upon the following commodities, the 
figures taken being indicated in the Table : — 


1. Wheat, English. Shillings and pence per quarter. 

2. Wheat, American. Shillings and pence per quarter. 

3. Flour, Town made White. Shillings and pence per sack. 

4. Barley, English. Shillings and pence per quarter. 

5. Oats, English. Shillings and pence per quarter. 

6. Maize, American Mixed. Shillings and peace per quarter. 

7. Potatoes, Good English. Shillings and pence per ton. 

8. Rice, Rangoon Cargoes. Shillings and pence per cwt. 

9. Beef, Prime. By the carcase. Pence per 8 lbs. 

10. Beef, Middling. By the carcase. Pence per 8 lbs. 

11. Mutton, Prime. By the carcase. Pence per 8 lbs, 

12. Mutton, Middling. By the carcase. Pence per 8 lbs. 

13. Pork, average (large and small). Pence per 8 lbs. 

14. Bacon, Waterford. Shillings and pence per cwt. 

15. Butter, Friesland, finest. Shillings and pence per cwt. 

16a. Sugar, West Indian Refining. Shillings and pence per cwt. 

16b. Sugar, Beet, German 88 p.c. f.o.b. Shillings and pence per cwt. 
17. Sugar, Jjava, floating cargoes. Shillings and pence per cwt. 

18a. Coffee, Ceylon plantation, low middling. Shillings and pence per cwt. 
18b. Coffee, Rio, good. Shillings and pence per cwt. 

19 a. Tea, Congou, common. Pence per lb. ] 

19b. Tea, average import price. Pence per lb. J 

20a. Iron, Scotch pig. Shillings and pence per ton. ] 

20b. Iron, Cleveland pig. Shillings and pence per ton. / 

21. Iron Bars, common. £ per ton. 

22. Copper, Chili Bars. £ per ton. 

23. Tin, Straits. £ per ton. 

24. Lead, English Pig. £ per ton. 

25. Coals, Wallsend Hetton, in London. Shillings and pence per ton. 

26. Coals, average export price. Shillings and pence per ton. 

27. Cotton, middling American. Pence per lb. 

28. Cotton, fair Dhollerah. Pence per lb. 

29a. Flax, St. Petersburg. £ per ton. \ 

29b. Flax, Russian, average import price. £ per ton. J 
30a. Hemp, Manilla fair roping. £ per ton. ] 

30b. Hemp, St. Petersburg, clean. £ per ton. / 

31. Jute, good medium. £ per ton. 

32a. Wool, Merino, Pt. Phillip, average fleece. Pence per lb. I 
32b. Wool, Merino, Adelaide, average grease. Pence per lb. j 
33. Wool, English, Lincoln half hogs. Pence per lb. 


} 

} 


R 2 
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34 Silk Tsatle« S hillin gs and pence per lb 

35a. Hides River Plate dry Pence per lb \ 

3Sb Hides River Plate salted. Pence per lb ^ 

35c Hides average import price. Pence per lb > 

3dA Leather Crop hides Pence per lb ^ 

36b I.eather average import pnce Pence per Ib j 
37a. Tallow St Petersburg Shillings and pence per cwt i 
37b Tallow Town ShlUmgs and pence per cwt / 

35 OO Palm £ per ton 
39 Oil Olive £ per ton. 

40a 03 Linseed. £ per ton ^ 

40b heeds Linseed ShQlings and pence per quarter / 

41 Petroleum refined. Pence per gallon 

42 Soda crystals Shillings and pence per ton 

43 Nitrate of Soda. Shillings and pence per ton. 

44 Indigo Bengal good eonsoming Shillings and pence per Ib 

4oA Timber hewn average import pnce Shillings and pence per load. . 
45 b Umber sawn or split average import pnce ShiUmgs and pence 1 
per load j 

The ba'se penod selected for this Index Number ■was 
the eleven years 1867 to 1877, and to obtam the Index 
Number the arithmetic average of the Indices is taken 
It will be seen from the above Table that the method 
of obtaining the prices upon which the Indices ^ere 
based vaned somcuhit In those cases where two 
or more varieties of a particular commodity were 
taken, as, for instance. Hides where three different 
types were listed, the arithmetic average of the vari- 
ous prices IS the one used to obtain the proportionate 
number Where the average import or e'vport pnce 
has been taken, the procedure adopted ls to take the 
Board of Trade Returns and dmde the total value of 
the imports or exports of the particular commodity 
by the total number of units imported or exported 
as the case may be The proportionate number 
of each commodity is calculated by simple propor- 
tion, the average pnce of the ba«e penod being equated 
to 100 



§§5-6.] 

INDEX NTOIBEKS. 261 

§ 6. — The “ Statist’s ” Index Number. 

The Index Number published by the Statist is based 
upon, and is reaUy a continuation of, M r. Sauer- 
beck’s iiguies. The same commodities are used, 
and the Index Number for the complete series is 
prepared in exactly the same way as that described 
above, but for the sake of additional clearness, and 
giving additional information, the commodities are 
grouped in the manner already mentioned above. 
The groups are composed as foUows : — 

1. Foodstuffs. 

(a) Vegetable Foods, — Commodities numbered 1 to 
8 inclusive on the above list, 

(&) Animal Foods. — Commodities numbered 9 to 
15 inclusive. 

(c) Sugar, Coffee and Tea . — Commodities numbered 
16a to 19b inclusive. 

Total of Commodities in Gi-oup = 19. 

2. Materials, 

(a) Minerals. — Commodities numbered 20a to 26 
inclusive, 

(&) Textiles. — Commodities numbered 27 to 34 in- 
clusive. 

(c) /Sttudrtes.— Commodities numbered 35a to 45b 
inclusive. 

Total of Commodities in Ch-oup — 26. 

As already shown, a separate Index Number is com- 
piled for each group, and also for each class hi the 
group, and thus any change of price in any class or 
group can easily be seen, since the commodities so 
classified are those which are likely to be affected 
bj'^ the same factor. 
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§7 — ^The “Economist’s** Index Number 

This well known Index Number was originally 
compiled from the prices of twenty tn o articles m 
common use, grouped m the manner mentioned above 
The base period was composed of the ^ears 1845 to 
1850, and the average pnce of each commoditj for 
that penod was equated to 100, and the sum of the 
percentages was the Index Number The base Index 
Number was therefore 2,200 

Owing to changmg conditions and the mcreasmg 
use of commodities other than those originally taken, 
the Index Number was revised m 1911, and the num 
her of examples increased to fortj four, some com 
modifies bemg given more than one quotation, thus 
weightmg them according to the extent of their use 
The base was also changed to the average pnces 
r ulin g during the penod 1901 to 1905 The sum of 
the base equations would therefore be 4,400, but m 
order to simplifv compansons this was divided by 
two and the same ba^e of 2,200 obtained 

To obtam the current Index Number the average 
price for the current penod is converted into a per 
centage of the base pnce, and the whole of the per 
centages added together and divided by two The 
Index Number can therefore be easily converted into 
an average by dividing the sum of the percentages 
by the number of commodities The forty four 
selected commodities fall into five different groups, 
VIZ — (1) Cereals, (2) Other Food Products (Tea, 
Sugar, etc), (3) Textiles, (4) ilmerals , (5) "Miu 
cellaneous (Butter, Timber, etc ) Separate Index 
Numbers for each group are therefore compiled in 
the manner already desenbed 
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§ 8. — The Board of Trade Index Number. 

This Index Number was originally computed from 
data relating to forty-seven articles or groups of 
articles. Most of the data did not relate to actual 
prices, but to the average declared value of the goods 
included as imported to or exported from the United 
Kingdom. The averages taken were average import 
values in thirty-five cases, and export values in four, 
the other quotations being obtained from official 
sources. The Index Number was a weighted one, and 
the base period was 1900. Commencing with January, 
1920, tlie whole construction of this number was 
changed. It is now compiled from the prices of no 
fewer than 150 commodities or classes of commodities, 
or more than three times as many as w’ere previousty 
used, and the average import and export values have 
given place to market values, while the prices of 
certain standard manufactured articles have been 
included in addition to those of raw or semi-manu- 
factured materials. For the first time in Great Britain 
the Chain Base Method has been used, and hence 
the proportional numbers for each month are calculated 
on the price ruling in the same month of the previous 
j-ear. The aggregate Index Number is obtained by 
taking the Geometric Average of the 150 proportional 
Numbers obtained for the individual commodities. 
As already mentioned in § 3, commodities are placed 
in two main groups, and eight subsidiary groups. 


§ 9 . — “Financial Times ” Weekly Index Number. 

This noAA^ and important figure is compiled bj" 
Sir. Norman Crump, and, like the Board of Trade 
Index Number, is calculated on the Chain Base Method, 
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and the Geometnc mean It now consists of 73 items 
classified as follows : — 

MiMellaneous Pood 
Total Food 
Cotton 

Miscellaneous Textiles 
Iron and Steel 
Non Ferrous Metals 
Fuel 

Miscellaneous Matenals 
Total Sfatenals 

The first calculation was based upon the year 1920 
and so gives a post-war base The quotations used 
are taken from commercial reports publislied m the 
daily neivspapors, and also from appropnato trade 
journals Tlieso quotations are taken on a fixed 
day each week, tlio week ending on Wednesday, and 
the results are published on Monday of the following 
week A monthly figure is also prepared, and the 
anthmetio average of the quotations for the weeks 
included therein is the pnee from which the Indices 
are calculated 

Since one of the most important points m the use 
of Statistics IS that they must bo up-to-date, the 
weekly Index Number is of great advantage for the 
measurement of price changes as it is available mthin 
a few days of the change having taken place This is 
of great importance to the business man, for it will 
show the trend of pnees more quickly, and so 
enable him to adjust his bu5ung poUcy. An example 
of this was seen when this weeUj Index Number 
revealed that after the first week in January, 1925, 
prices were receding, but it was not showm in 
other Index Numbers until the Index Number of 


7 Items 
S . 

8 

28 Items 

8 Items 
0 
12 
5 
S 
11 

50 Items 
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the Board of Trade for February was published in 
March (i.e., over two months after the turning point 
had been reached). 

It is interesting to note that Professor Irving Fisher 
publishes a weeldy Index Number in the United States 
of America, and this is compared week by week with 
that of the “ Financial Times.” To assist tliis com- 
parison, the “Financial Times” weeldy figure is based 
upon 1913, whereas the monthlj^ figures are in accord- 
ance vdth' the compiler’s original practice, based 
upon the average of prices current during the year 
immediately preceding the current year. 

§ 10. — Index Number of the Course of Wages. 

Prior to the War the Board of Trade compiled an 
Index Number to show the changes which took place 
in Wages. The Course was divided into five groups, 
viz. : Building, Coal-mining, Engineering, Textile and 
Agriculture, and the average wages of selected examples 
in each trade during the year 1900 was taken as the 
base, and each equated to 100. The average ruhng 
rates for similar examples were then converted into 
percentages of the base year’s average, and thus an 
Index Number for each trade was obtained. To get 
a General Index Number, the arithmetic average of 
the Sectional Index Numbens was taken. 

§ 11. — Cost of Living Index Number. 

When an endeavour is being made to obtain an 
indication of the effect the change of prices has upon 
the cost of hving, an entirely different basis must be 
used. In the first place the prices upon which we 
are going to base our calculations must be those ruhng 
at the point where the articles are consumed, i.e., 
the Retail prices must be taken. So far we have only 
dealt Avith wholesale prices, or what amounts to 
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prTcticall j the same tiling, the import or export \ alue 
of the goods Wholesale pnccs do not var% greatlj 
nnjMhere Mithin the confines of the country, and thus 
are more suitable when we arc desirous of obtaining 
a rehable guide to a change in price holesalo prices, 
however, bear little, if nnj, actual relation to the 
pnees whicli the actual consumer pajs In u«ing 
retail pnees we are met with the difficultj that these 
varj in different localities that is apart from pro 
prictar} brands of articles which are usually the same 
in the different districts of the same countrv An 
article purchased in the West End of London for 
instance, is liKeU to cost more than an evactlj similar 
article purchased in, «aj, the East End While this 
;jis hrgclj due to the dictates of fashion and a wealthier 
class of purchaser, the heavier cstablisliment charges 
are also in a uieasuro responsible It must also be 
borne in mind that when goods Imvc to bo transported 
considerable distances the cost is increased, and 
hence people living at a considerable distance from the 
source of supplv must of nccc5>sitj paj more for their 
goods than tho'^o residing at, or near, the place of 
production Another diflicultv that we have to 
contend with in compiling such an Index Number is 
the different standards of living whicli exist, for not 
onl> IS the monetarj standard different but the 
articles consumed varj grcatlj al&o, onl\ a few staple 
commodities such as Bread and Potatoes being found 
amongst those consumed bv all classes Tlie quantities 
“ of commodities consumed bj various classes also 
. show considerable variation If these difficulties 
are to be thoroughlj overcome it would bo nccessar} 
to construct a separate Index Number for each 
separate class, and, even where this was possible, the 
number of examples which did not fall into the 
different classes would be v erj great 
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The principal effort to construct a Cost of Living 
Index Number is that of the Slinistry of Labour, 
and this was the basis of man}'’ of the claims for 
increased Wages made b}’^ the Trade Unions of this 
Country during the War. During the past few years it 
has been used as the base for deciding what alterations 
should take place in wages, bonuses, etc. The object 
of the Cost of Living Index Number is to measure the 
average increase in the cost of maintaining the Pre-War 
Standard of living of the Working Glasses. The 
following description of the methods of compilation 
shows how many of the difficulties have been overcome, 
and this has been obtained from a description of the 
process which appeared in the Labour Gazette for March, 
1920.* The items included in the Statistics fall into 
five main groups, viz.: (1) Food; (2) Rent: (3) 
Clothing; (4) Fuel and Light; and (o) (Sundries. 

1. Food. 

Collection of Information. — The foodstuffs included 
are Beef, Mutton, Bacon, Fish, Flour, Bread, Potatoes, 
Tea, Sugar, Milk, Butter, ]\Iargarine, Cheese and 
Eggs. These normally account for over three-fourths 
of the total familj'^ expenditure on food, and the 
inclusion of a greater number of artieles of relatively 
minor importance would not materially affect the 
average percentage increase. The most important 
omission is that of fruit and vegetables (other than 
j)otatoes), which it is impracticable to include in a 
series of price index numbers, owing to wide variations 
in quality, the “ seasonal ” variations in supplies, 
and the consequent impossibihty of obtaining 
continuous and comparable records of prices. 

♦ Reprinted by permission of the Controller of His Majesty’s Stationery 
Office. 
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Information of the predominant retail pnces of the 
articles of food mcluded in the siirve\ is collected at 
the beginning of each month by the managers of the 
Employment Exchanges and Branches from repre- 
sentative retailers (mcluding Co operative Societies, 
large “Multiple” shop firm«, and pn\ate shop 
keepers) conducting a working-class trade Informa- 
tion IS obtained in all towns with a population 
exceeding 50,000 at the census of 1911, and also m a 
representative selection of 540 smaller tomis and 
milages distributed throughout tlie United Kingdom 
Altogether 630 Towns and Villages are reported upon 
The total number of retailers apphed to is about 
5,500, but this IS not a full indication of the basis of 
the return®, as ruan\ of these retailers have a number 
of shops at which the pnces cliarged are identical 
In «!ome ca«os also the pnces are regulated by the 
Food Controller or by arrangement among traders, 
so that an article u sold at a uniform price throughout 
a localitv, the price being known to everyone 

Great care is exercised in the tabulation of the results 
of the inquines, the columns are then added, and the 
average price of each article is amved at, separately 
for large Towns (le, those inth populations over 
50,000) and for several of the Metropohtan distncts, and 
for smaller places, bj takmg the simple anthmetical 
av erage A calculation is then made of the percentage 
mcrease in the price of each commodity, as sliown bj 
comparing the average pnee on the current date with 
that for July, 1914 TJie percentage for the United 
Kingdom a® a whole is obtamed by takmg tbe average 
mean (t e , the half wav pomt) between the percentage 
for the large towais and that for the smaller places 

Havang thus amved at the average percentage 
increases in the pnces of each separate article of food, 
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it is necessarj’^ to combine these percentages so as to 
obtain a single figure representing the general average 
increase in food prices. The individual percentages 
varj’^ considerabl3’^, beef prices for example having 
little more than doubled, while granulated sugar is 
about four times the pre-war price. As very different 
proportions of pre-war income were spent on beef and 
sugar, it would not be correct simply to add together 
the percentages sho-wn for these various items and 
divide by the number of items (f.e., extract the 
arithmetic average). It is necessary to allow for the 
difference in the importance of each item in the pre-war 
budget, and this is done by multiplying each per- 
centage bj'’ a number based on the relative importance 
of the several articles, and dividing the product by 
the sum of these numbers {i.e., a weighted average is 
extracted). The weights used are based on the 
average expenditure shown by 1,944 urban working- 
class budgets collected by the Board of Trade in 1904. 
The adoption of weights based on the expenditure of 
1904 was not invalidated by changes in quantities 
between 1904 and 1914, because the changes in quan- 
tity (wliich were generally slight) were largely counter- 
balanced by changes in price-level, with the result 
that the proportions of income spent on the different 
commodities could not have been sensibly altered 
except as regards margarine, for which a special 
allowance was made. The particulars for the several 
items are given in the following Table, in which the 
last two columns illustrate the arithmetic process 
by which the general average for Food is computed 
from the percentage increases for the several items. 
The percentages given are those obtained from the 
returns relating to March 1, 1920. 
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Potatoes 
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162 

2 916 

1 

Total 1 

17 l! j 

334 j 

1 

i ” 

44 487 


Weighted Average Increase «• 44 487 — 334 — 133 per cent 


The Total of the 1904 budget includes an estimate of 
6d for margarine The total expenditure shown 
relates, obviously, only to the articles specified in the 
above list For all items of food the average 
expenditure in the 1904 budgets was 22s 6d 

2_^Ren t. 

The'R’ent Restrictions A.ct3 were still in force at the 
time this Index Number was compiled, and these 
Acts provnded that, for the same accommodation, 
rents of worl ing-class dwellings could not be raised by 
more than the equivalent of the increase in rates 

effect on rents has been obtained from time to time 
by inquiries from the Town Clerks of 100 of the 
principal towns The information relates to un- 
furnished dwelling houses of the tjpe usually occupied 
by worlang class families, and account has been taken 
of the increased rents due to increased rates * 


• Since th 3 deaor pt on waa published certain Statutory increases of rent 
1 ave been aUowed and have be«i brought into account 



§ 11 -] 

INDEX NUMBERS. 271 

3. Clothing. 

In order to estimate the increases in the price of 
clothing information is obtained as to the movement 
of retail prices in men’s suits and overcoats (ready- 
made and bespoke), woollen and cotton material 
for women’s outer garments, woollen and cotton 
underclothing and hosierj^ and boots. The informa- 
tion relates to those descriptions of articles which are 
most generally purchased by the working classes, 
i.e., to relatively low-priced grades. 

An inquirj'' form is posted each month to a selection 
of representative outfitters, drapers, and boot retailers 
in all the large towns in Great Britain. Before 
the form is despatched to a retailer the prices quoted by 
him at the previous inquiry are entered upon it, and 
he is asked to quote the current price for the same article 
and quality as before, or for the most nearly 
corresponding article or quality. The descriptions of 
articles for which quotations are given varj’- with 
different retailers. 

For other commodities, e.g., foodstuffs, the pre- 
dominant prices were averaged, and tliis average forms 
the basis of the final figures. For articles of clothing, 
however, the range of prices and qualities is so wide 
that this method is unsuitable, and the method adopted, 
therefore, is to compute a separate percentage increase 
for each quotation supplied by each retailer, to tabulate 
these percentages, and to combine them for each article 
by taldng the simple arithmetic average of the 
percentages. The resulting figures are combined into 
groups of similar lands of articles, by averaging, and 
these group figures are then averaged to give the general 
figure. . 

It wlU be observed that part of the information 
collected relates to the prices of materials for clothing, 
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instead of to the articles of clotliing themselves, 
because for the former alone could comparative 
prices be obtained over a period 'uith a fair measure 
of accuracy. In times when, prices were moving 
slowly such figures could be held to represent fairlv 
the increase in the prices of the articles of clothing, 
but recent increases in the prices of textiles have 
been so great that in utilising the prices of materials, 
to obtain an estimate of the amount of the increase in 
the price of clotliing, an allowance is made for the 
fact that the cost of making up has not advanced 
similarly. Of course, where garments are made up 
at home the increase in the cost of the material closely 
represents the increase in the cost of the garment. 

It will be recognised that owing to the wide range of 
quotations, both now and before the war, to changes in 
qualities and in the stocks held by the retailers, and to 
variations in the extent to which different articles 
and qualities have been affected by price changes, it 
is not possible to calculate with precision the average 
percentage change in prices of clothing, and the per- 
centage indicated by the method of avera^g described 
above can only be regarded as an approximation. 
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retailer is supplied with the prices returned at the 
previous inquiry, so as to ensure that the quotations 
are comparable. 

The prices quoted in the returns are tabulated and 
scrutinised, and an average price is then arrived at 
for each of the five articles by totalling the quotations 
and dividing by the number of items. A computation 
is then made of the percentage increase shown by the 
average price of each article over the average price 
of the same article in July, 1904. The percentage 
increases so obtained are combined into a general 
average for fuel and light by weighting them in 
accordance vdth their approximate relative importance 
in pre-war working-class family expenditure, the 
proportions taken being 6 for coal, 3 for gas, and 1 
for oU, candles, and matches together ; these figures 
being equivalent to pre-war average expenditures of 
Is. 6d. to 2s. per week on coal, 9d. to Is. on gas, and 
about 3d. on oil, candles and matches. 

5. Other Items. 

The items included in the Statistics under this 
heading are soap and soda ; domestic ironmongery, 
brushware and pottery (as indicated bj’- the prices of 
saucepans, kettles, frypans, bowls, pails, scrubbing 
brushes, banister brushes, brooms, cups and saucers, 
plates, basins, dishes, jugs and teapots) ; tobacco and 
cigarettes; fares; and newspapers. Of these, the 
prices of soap and soda are ascertained each month 
from shopkeepers in twenty-eight of the principal 
towns ; and those of ironmongery, brushes and pottery 
from shopkeepers in twenty-two of the principal 
towns. Particulars of the changes which have occurred 
in the prices of tobacco and cigarettes, fares and 

s 
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instead of to the articles of clothing themselves, 
because for the former alone could comparatn e 
prices be obtained o\er a period with a fair measure 
of accuracy In times when prices were moving 
slowlj such figures could be held to represent fairly 
the increase in the prices of the articles of clothing 
but recent increases in the pnces of textiles have 
been so great that in utiLsing the prices of materials, 
to obtain an estimate of the amount of the increase m 
the pnce of clothing, an allowance is made for the 
fact that the cost of making up has not advanced 
similarlj Of course, where garments are made up 
at home the increase m the cost of the matenal closelj 
represents the increase in the cost of the garment 

It will bo recogmsed that owing to the wide range of 
quotations, both now and before the ■war, to changes m 
qualities and in the stocks held bv the retailers, and to 
variations in the extent to nhich different articles 
and quahties have been affected bj pnce changes, it 
is not possible to calculate anth precision the average 
percentage change in pnces of clothing, and the per- 
centage indicated bj the method of averaging desenbed 
above can onl} be regarded as an approximation 

4 Fuel and Light 

The items included in this group\are Coal, Gas, Oil, 
Candles and Alatches Statements Me obtained each 
month from correspondents as to theVnees of coal in 
thirty of the pnncipal towns, and of g4s in twenty six 
of the pnncipal towns The figures obtained in this 
way are supplemented from time to time bv tnfonna 
tion from aU the large towns Returos as to the 
prices of oil, candles, and matches are Abtamed each 
month direct from retailers in twenty^ight of the 
pnncipal towns In all cases the corr^pondent or 
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retailer is supplied with the prices returned at the 
previous inquhy, so as to ensure that the quotations 
are comparable. 

The prices quoted in the returns are tabulated and 
scrutinised, and an average price is then arrived at 
for each of the five articles by totalling the quotations 
and dividing by the number of items. A computation 
is then made of the percentage increase shown by the 
average price of each article over the average price 
of the same article in July, 1904. The percentage 
increases so obtained are combined into a general 
average for fuel and light by weighting them in 
accordance with their approximate relative importance 
in pre-war working-class familj' expenditure, the 
proportions taken being 6 for coal, 3 for gas, and 1 
for oil, candles, and matches together ; these figures 
being equivalent to pre-war average expenditures of 
Is. 6d. to 2s. per week on coal, 9d. to Is. on gas, and 
about 3d. on oil, candles and matches. 


5. Other Items. 

The items included in the Statistics under this 
heading are soap and soda ; domestic ironmongery, 
brushware and pottery (as indicated bj^^ the prices of 
saucepans, kettles, frjqpans, bowls, pails, scrubbing 
brushes, banister brushes, brooms, cups and saucers, 
plates, basins, dishes, jugs and teapots) ; tobacco and 
cigarettes ; fares ; and newspapers. Of these, the 
prices of soaj/ and soda are ascertained each month 
from shopkeepers in twenty-eight of the principal 
tovms : and t^lose of ironmongery, brushes and pottery 
from shopkeepers in twenty-two of the principal 
tows. Particulars of the changes which have occurred 
in the pric^es of tobacco and cigarettes, fares and 

s 
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With regard to the basis of these weights, the 
budgets collected in 1904, to which reference has already 
been made, showed that, on the average, 22s. 6d. out 
of a family income of 36s. lOd. per week was spent on 
Food, or about three-fifths of the total. Between 
1904 and 1914 there were almost equal increases, on 
the average, iu prices and wages, and it is therefore 
unlikely that this proportion would have altered 
appreciably during that period ; the total weight 
allotted to food is therefore three-fifths of the total of 
12|, i.e., 71. 

Information as to Bents, which was obtained in the 
course of the Inquiry into the Cost of Living, in 1912, 
showed that the average working-class rent in the 
industrial towns was about 5s. 6d. to 6s. per week. 
(It should be noted that in London the rents were 
considerably higher than the average, whilst in other 
towns they were appreciably lower.) In 1914 it 
was a little higher, probably about 6s. per week. 
That is to say, the proportion of the total family 
income which was expended on rent amounts to 
between -^one-sixth and one-seventh, and the weight 
taken Ipi rent is accordingly 2 out of a total of 12|. 

As regards clothing, there are wide variations in 
the expenditure of different sections of the working 
classes, but prf;-war investigations showed that, on 
the average, expenditure on clothing before the war 
was less than, that on rent, and in many cases much 
less. In the, absence of exact data, a weight of IJ out 
of the total of 12^ is taken for clothing, on the basis 
of the estimated pre-war expenditure by working- 
class families on clothing, being on the average 4s. 6d. 
to 5s. per \Yeek. 
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newspapers are mostly available through the medium 
of public announcements, and when necessary thc^e 
hare been supplemented by special inqumc's The 
increases so ascertained for each item haAe been 

combined, after consideration of the relative importance 

of the different items, so as to enable the Mimstrj’ 
of Labour to form an estimate of the average increase 
in pneea of the'so items, taken as a whole, and its 
effect on the general percentage increase for all items 
There is considerable vanation both m the total amount 
of expenditure and m the distribution of the amount 
among tlie seaeral items, but the importance of these 
items is small relative to the total familj expenditure, 
so that the precise amount of increase is not a matter 
of substantial importance in its influence on the 
general result 


6 CombmatiOQ of all Items Inclu(}‘i!d 

In order to arnve at a singlej figure, representing the 
increase since Julj, 1914, in the prices of all the items 
taken together, tlie average perc'entage mcrea'^es under 
each of the mam groups of expenditure inferred to 
above are combined m accordance\with their estimated 
relative importance m average prWwar v, ork mg*class 
expenditure, the weights used being \as folkOws Food, 
71, Rent (including Rates), 2, CIa\thip<ig, 11, Fuel 
and Light, 1 , Other Items includeoJ^ \ In other 
words, the percentage increase ascertain aed for Food is 
multiplied bj 74, that for Rent bj 2, mtnd so on with 
the other groups; the results are adeded together, 
and the total is divided by 12i (the sum om the weights) 
The effect is to obtain the average percerfctage increase 
in the cost of mamtaimnp the pre-war Vi standard of 
hving. 
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With regard to the basis of these weights, the 
budgets collected in 1904, to wliich reference has already- 
been made, showed that, on the average, 22s. 6d. out 
of a family income of 36s. lOd. per week was spent on 
Pood, or about three-fifths of the total. Between 
1904 and 1914 there were almost equal increases, on 
the average, in prices and wages, and it is therefore 
unlilvety that this proportion would have altered 
appreciably during that period ; the total weight 
allotted to food is therefore tliree-fifths of the total of 
12|, i.e., 71. 

Information as to Rents, which ivas obtained in the 
course of the Inquiry into the Cost of Li-vdng, in 1912, 
showed tliat the average working-class rent in the 
industrial towns was about 5s. 6d. to 6s. per week. 
(It should be noted that in London the rents were 
considerably liigher than the average, whilst in other 
towns they were appreciabty lower.) In 1914 it 
was a little higher, probably about 6s. per week. 
That is to say, the proportion of the total family 
income which was expended on rent amounts to 
between^ne-sixth and one-seventh, and the weight 
taken tor rent is accordingly 2 out of a total of 12|. 

As regards clothing, there are -wide variations in 
the expenditure of different sections of the working 
classes, but pre-war investigations showed that, on 
the average, expenditure on clothing before the war 
was less than- that on rent, and in many cases much 
less. In the . absence of exact data, a weight of 1| out 
of the total of 12^ is taken for clothing, on the basis 
of the estimated pre-war expenditure by working- 
class families on clothing, being on the average 4s. 6d. 
to 5s. per \^'eek. 
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For Fuel and Light also, there are no extensive 
statistical (lata as to expenditure before the -vrar, but 
such information as is available indicates that the 
a\erage expenditure was probably from 2s 9d. to 3s 
per week which ^^elds a weight of 1 out of a total of 
12i The weight of \ for the other items mcluded 
was taken as fairly representing the average expen 
diture on the'Je particular commodities 


7 Items not Included m the Statistics 

The hst of items included m the Statistics is con 
sidered sufficiently extensive and representative to 
provide a sound basis for estimating the average m 
create in the cost of maintaining the pre war standard 
of living of a workmg clas* family As regards items 
that are not included, it mar be observed that they 
form in the aggregate onlv a very small proportion 
of tlie total weeUj workmg cla^s expenditure, and 
that some have mcreased moie, and some less than 
the average Consequently it is ver\ unlikely that 
the general average mcrease wiuld be appreciably 
affected bj the inclusion of a large number of items, 
even if it were found practicable lo extend the list 
It will be evident that if a particular ittm of expenditure 
had risen by about the same amount (130 per cent ) 
as the items mcluded in the statistics, it^ omission or in 
clu'»ion would have no effect on the gene,'7il percentage, 
and that the omission of certain small rtei is of expeiuh 
ture as to which rehable statistics are n;)t obtainable 
would only become important if the aierae e percentage 
nse in the pnee of these omitted items (tal en together) 
were either verj much belon or ver\ much above the 
general average 
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8. Why such a Number is Unsatisfactory. 

It is apparent from the above description that the 
computation of a Retail Price Index Number calls 
for considerable work in obtaining the necessary data 
upon which to work. In making an Index Number 
dealing with the cost of hving many difficulties 
have to be overcome, and even then tlie result is far 
from reliable, and should be used as a guide to the 
percentage increase only. Even where tlie total 
weekty expenditure was the same in different famihes, 
however, the distribution of the expenditure over 
different commodities varied considerably according 
to the numbers of persons in the family, their ages, sex, 
and mode of living ; and as some articles liave risen 
less in price than others, even the percentage increase 
would vary to some extent with different families. 
Thus, bread, margarine and tea have risen less in price 
than the average, and the percentage increase of the 
cost of maintaining a dietary which consisted mainly 
of those articles is, therefore, less than that of main- 
taining a dietary consisting mainly of eggs and milk, 
the prices of which have risen much more than the 
average. It is obvious from this that no single 
figure with regard to the increase in the cost of living 
can apply to every individual case in the class of 
family dealt with in the Statistics. 

It will be observed that, with the exception of 
margarine, no allowance has been made for any change 
in consumption during the period wliich has elapsed 
since the budgets were gathered in 1904. Tliis we 
know is not the case, for, during a part of the war 
period, there was such a shortage of some commodities 
that some were difficult to obtain at any price, or 
alternatively were rationed to everyone in small 
quantities. Without doubt the habits of people were 
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somo^\hat affected bj tlus, and thus it maj be found 
that tlie quantities of various articles consumed, and 
therefore the proportion of expenditure on these 
articles, has changed matenaUj If such is the case, 
the Index Number docs not represent the tnie state 
of affairs, and thus my conclusions or arguments 
draun from it uould be erroneous. 

§ 12 — Commercial Uses of Index Numbers 
(a) The Wages Problem. 

Whatever the merits or dements of this Cost of 
Luing Index Numbci, it has been the basis for adjust- 
ments of a\ages m aanous trades in tins countn, 
as cMdcnced bj the special bonus to the Police in 
September, 1920, to meet the increased cost of ining 
Americans, lio^ c\ cr, adopted another metliod of pa\ang 
bonuses mIucH varj with tlic cost of living, and tlus 
method shows a distinct advantage over the sjstem in 
vogue in tins countrv Hero the adjustments were 
made after some time had elapsed, thus allowing 
unrest at the increasing prices to develop The 
Americans have no special Index Kumhor to represent 
the nicrcaso in tho cost of living, but base tlieir cal- 
culations upon one or other of tho five Index Numbers 
of Wholesale Prices* whicli arc in existence over 
there. Two examples may serve to show the method 
used of v^orking their bonus scheme In the first 
case n standard rate of wages was fixed, and the Index 
Number ruling at tlie date of the fixing of such standard 
was tho basis of the calculations The number of 
points which it IS necessary for tho Index Number to 
advance, in order to show an increase of 1 per cent on 
the price was then computed, and when the monthh 
index number w as published, the percentage bj which 

*The American Index Ifumben ua as folloira Bureau of Labour 
Statiafica Federal Reserve Board Dun Bradstreet Gibson 
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prices have advanced Avas calculated, and a bonus, 
equal to the same percentage of the wages, paid to 
the workers to meet the increased cost of hvinof. 
The bonus thus followed the increased cost very closely 
indeed, and the worker knew that any increase of the 
price of commodities would be reflected in the amount 
of his bonus at the end of the month. For example, 
assuming a worker was earning 30 dollars a week as 
his standard wage, and the Index Number had to show 
an advance of 5 pomts over the base Index Number at 
the time of fixing the Standard to give a 1 per cent, in- 
crease on cost, then if in any month the Index Number 
showed an upward movement of 10 points, the worker 
would receive a bonus of 2 per cent, of bis wages, i.e., 
2 per cent, of .$30 = 60 cents., as an addition to his 
week’s wages. This bonus is thus payable monthly 
in arrear. The other method adopted was as follows ; 
Supposing the employee were receiving 30 doUars 
per week, and the Index Number at the time of 
fixing the standard was 300. If in any month the 
Index Number showed an increase of 10 points, i.e., 
moves to 310, then the increase Avas expressed as a 
fraction of the base Index Number, and the rate of 
wages was multipHed by the result: e.g., in the above 
case we get ^ of $30 = $1, and this was the amount 
of the weekly bonus which would be paid to the work- 
man at the end of each month. If the Index Number 
in the following month showed a fall to, say, 305, the 
weekly bonus would then be J5 of $30 = 50 cents. 
By this means the standard wage was not lost sight 
of, and the workers’ bonuses followed very closely 
the rises Avhich took place in those co mm odities Avhich 
he had to buy in order to hve. In this country the 
cost of hving bonus was merged into the wages, and 
thus the standard wage was lost sight of, and, moreover. 
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the bonus did not vaiy with the fluctuations in 
the cost of commodities, but was arbitranlj fixed 
from time to time 
(b) Investment Index Number 

That Index Numbers can be utihsed in Commerce 
can be open to no doubt, for unhke the objections to 
the types already dealt with, the information m a 
business house is on much more definite Imes The 
Bankers’ Magazine has compiled an Investment Index 
Number which should be of great assistance to those 
interested in the Stock Markets Stocks and Shares 
numbering m all 365 were grouped into two clas‘»e^, 
VIZ • (1) Fixed Interest Stocks, and (2) Variable 
Dividend Securities, and each group was composed of 
selected representative secmities 

The basis of the number was the capital and market 
quotations on December 31, 1921, and the average 
prices of each group was equated to 100 The aaerage 
market i alue at any date can then be compared with 
the base figure, and the percentage of increase or 
decrease ascertained This is a straightforward method 
when the capital m the various undertakings remains 
unchanged, but where there is a fresh issue of capital 
either for cash or in the form of bonus shares (either 
free or at a reduced pnee), these changes in the capital 
must be taken mto consideration m order that a correct 
comparison of any month’s figures is possible If 
anj Company whose Stocks or Shares are included m 
the hst IS liquidated, or bought out, a fresh security 
as siuular in all respects as is possible has to be sub 
stituted and the capital involved adjusted accordingly 
The following Table ropnnted bj permi«iSion from the 
Julj, 1939, number of the Bankers’ Magazine 
shows the composition of the number and the 
method of presentation : — 
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TabIlE — Showiko Values or Securhies akd thetb Aggeegate Variation 

DURINO THE PAST MoNTH. 


[OOO’s omitted.] 


Nominal 
Amount tVar 
Vftlae», 

<T»nta’ninr 

MarV#"t Vatri'^^ 


1 Increaftr 

t 

;Per Cent. 

May 19. next 

June 

th- 

iicnth. 

£ 


e 

a 


c 



3,56C,C00 

10 British and Indian Fonda .. 

3,385.685 

3,404,353 


18,698 

‘ ^ 

0-5 

58,950 

9 Corporation (U.K.) Stocks .. 

50,897 

51,621 

4- 

724 


1*4 

S3,550 

6 Colonial Government Stocks 

83,861 

83,954 


93 

■ 4- 

0‘1 

22,300 

8 Corporation Stocks (Colonial) 

21. OSS 

20,741 


347 

_ 

l‘C 

2I»050 

7 Do. do. (Forelra) 

11.390 

11,330 

... 

54 


0 5 

503,230 

2CForelCT Government Stocks 

181.535 

175.325 


0,210 

1 _ 

5*4 

•254,655 

6 British Ballw’ay Debenture Stocks.. 

226,244 

215,802 


10,442 

_ 

4*0 

•310,705 

132,000 

C Do. Preference Stocks.. 

7 United States Bonds <Gold) t 

102,823 

135,2X2 

1C0.44C 

135,212 

" 

2.377 


1*4 

5.048,100 

87 Fixed Interest Stocla 

4.258,735 

4,258,820 

-r 

So 


0*0 

•315,325 

13 British Railway Ordinary Stocks 

53,200 

52,656 

_ 

643 


1*2 

18.000 

5 Indian Railwav Stocks 

22,923 

23,291 

4. 

303 

i 4- 

I'G 

88.350 

5 Colonial Railways 

114,560 

114,225 


o35 


0*3 

474.000 

11 United States llaihva,v Shares 

1X6,911 

218,193 

4. 

1,282 

! 4_ 

1*1 

141,200 

20 Foreign Hailwavs 

12,940 

U.C96 

- 

1,250 


1-0 

59,685 

13 British Bank Shares 

193.178 

201.701 

■f 

3.583 

4. 

1-8 

43,000 

18 Coloni,!] and Foreign Bank Shares . . 

50,763 

49,234 


1,529 


3-0 

18,121 

17,750 

10 Brew ery Stocks 

7 Canals and Docks 

74.135 

21.069 

74,002 

21,009 


73 

‘ - 

o-i 

140,010 

38 Commercial and Industrial Shares . . 

405,027 

458,110 


0,911 



9,537 

8 Electric Ligliting and Poner 

20,287 

20,205 

.. 


_ 

0-1 

16,100 

9 Fiuancial,Land and Investment Shares 

14,297 

14,162 


115 

' .. 

08 

30,080 

7 Gas Stocks 

27,510 

27.477 

- 

39 


0-1 

9,343 

17 Insurance Shares 

200,339 

201,055 

O. 

716 

4. 

0 3 

58,294 

14 Iron, Coal and Steel Shares 

47,789 

47,280 


503 


1-0 

3,100 

5 Xltratc Shares 

252 

252 





42,649 

10 Oil Shares 

148,350 

140,545 

.. 

1.805 


1-2 

5,402 

9 Itubbcr Shares 

5,013 

4,903 


50 

.. 

1-0 

17,450 

6 Shippiog Shares 

14,145 

13,927 

... 

218 


1-5 

1,890 

CTea Shares 

5,255 

5,418 

4. 

100 

4. 

.3-1 

20,808 

STelecrapb* and Telephones .. 

26,295 

20,422 


124 

4. 

0-4 

27,71G 

7 Tramways and Omnibus 

43,283 

42,091 

- 

592 

- 

1-3 

29,517 

19 South African Mines 

I3S,528 

130,145 

— 

2,383 


1*7 

28,735 

0 Copper Mininp Shares 

17,290 

17.103 

- 

187 

.. 

1*1 

11,659 

7 Miscellaneous Mining Sliarcs 

10,538 

10.297 

“ 

241 

- 

2-3 

•1,035,333 

278 Variable Dividend SecuriUes 

1,848,994 

1,838,331 

- 

10,663 

' - 

0.5 

•0,083,433 

365 Grand totals 

6,107,729 

6,097,151 

- 

10,578 

1 _ 

i 

0*2 


• list of Railway St/v.k* a* froni the Ijerfnnfn? of 11*23 Bn-l column for Xonnal P:ir Vali;** .mi 

aL-o the l>*c«nVr Volantioa column adjortcxl acconlinrly. 


llr-'fsmtfon of yoM iKind* retainc*! thonph title aworentlj nnTrarrantC'J 

This Index Humber is, of course, open to the same 
objection as that of the majority of Index Humbers, 
in that an a rbitrary perio d was chosen as the base, 
namely, December 31, 1921, and tliis was in the period 
of depression folloAving the post-war trade boom. 
The average prices ruling over a series of years would 
have been preferable, but its compilation is a stej) in 
the right direction, and should assist in presenting the 
utility of Index Numbers to the general public. 


Tlic' following Tnblo o\traotc(l from tlio Bankera’ Jlagwino sliona tho nnctnations 
which have taken jiliec Riiico tins Index Number was introduced 
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(c) The Economist Index of Business Activity. 

The Econo7nist monthly index of business acti^dty, 
which goes back to 1924 and was last revised in July, 
1936, {see the Trade Supplement to The EcoTiomist of 
25th July, 1936), represents an attempt to measure 
changes in the economic activity of the country in 
quantitative — ^not monetar}^ — ^units. In other words, 
it is designed to give an apjiroximate idea of the 
fluctuations in the “ real ” national income. It thus 
covers a considerablj'- wider field than other exist mg 
indices of production although, by reason of the in- 
adequacy of the data available, it must still ignore 
some important aspects of the nation’s economic life. 
In common with aU averages it provides no clue tO| 
the causes of the variations which it depicts ; nor 
can it take account of changes in the popiJation of 
the country, in productivit 5 '’ per head, or in the dis- 
tribution of the national income among its various 
recipients. 

A brief explanation of the statistical processes 
involved in the calculation of the index may not be 
out of. place. With three exceptions, all the series 
are on a “ daily average ” basis — ^thus eliminating 
the effect of months of varying length. The excejitions 
are employment, where the figures relate to a par- 
ticular day ; motor vehicles, where the index 
represents the number of licences current during the 
month ; and building activity, where a twelve months’ 
moving average is employed. AU the series except 
building (where the correction would be superfluous) 
are corrected for seasonal fluctuations, the seasonal 
correctors being obtained by averaging the percentage 
deviations of the monthly figures from a twelve 
months’ moving average over a period of ten years. 
These seasonal co-efficients are recalculated each 
year to take into account the fluctuations of the 
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previous jcir The final indeK is a weighted geome 
tnc average of the constituent senes The choice of 
a geometnc mean, while giving a higher degree of 
accuracy over a penod of time, makes the figures 
for 192C somewhat nrbitrarj Dunng the general 
stnkc penod, two of the indices fell to zero, which 
on a strict computation bnngs the final index down 
to zero also ^^e hn\e, therefore, adopted the ex 
pedient of ignonng these two senes and of basing 
the index for these montlis on the remaining senes 
The figures for the whole of 1926, howc\er, should be 
used with resene 

hen the index was onginallj constructed the 
weight allotted to a particular senes was determined 
bj the rough balancing of four mam considerations, 
the importance of the sphere of activita represented 
b\ the senes , its evccllcncc as a measure of general 
business actiMt\ , its degree of freedom from sudden 
»and arbitrara mo\cmcnts, and its statistical neenraej 
isoneofthese considerations can be accurateh as essed 
The final allotment of weights is therefore necossarilj 
arbitrary, but wo believe that the following weighting 
now in use in the index is not inherently unreasonable 
FmploMnent, 10 , coal, 4 , electnciU , 2 , merchandise 
on railwaas, 4 , commercial motors, 2 , postal receipts, 
3, building activity, 2, iron and steel available for 
consumption, 2 , cotton 1 , imjiorts of raw materials 
2 , exports of Bntish manufacture, 3 , shipping mo^e 
ments 2, metropolitan, country and proMncial bank 
clearings, 4 , tou*n clearings, 1 

(d) Component Series of the Index of Business Acthat> 

1 Hmfloymext — B ased on the Almistry of Labour 
estimates of insured workers aged IG to 64 m employ 
ment m Great Bntam Seasonal fluctuations arc 
eliminated 
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2. CoKSTTiMPTiojs- OF CoAL. — From the output of 
saleable coal are deducted exports of coal, coke and 
manufactured fuel and of coal shipped for the use of 
steamers. The resulting figure of home consumption 
is adjusted for variations in stocks of coal at pithead 
and is placed on a daily basis. Seasonal fluctuations 
are eliminated. 

3. IisDirsTEL4L Consumption of EuECTPaciTY. — 
From the daily average output of the “ authorised 
undertakers ” are deducted the units generated for 
domestic purposes and for use in traction and pubbc 
lighting. The series is adjusted for transfer from 
private to imbbc generation and is corrected for 
seasonal fluctuations. 

4. Mekchandisb on Rahavays. — Based on a daily 
average of the tonnage of freight (less coal and coke) 
carried on the standard guage railways of Great 
Britain. Seasonal fluctuations are eliminated. 

5. Commercial Motors in Use. — The monthty 
computations of the number of licences for goods 
vehicles current in Great Britain, published by the 
Society of Motor Manufacturers and Traders, are 
corrected for seasonal fluctuations. 

6. Postal Receipts. — ^The official series of daily 
postal receipts, calculated by the Post Office, is 
corrected for seasonal fluctuations. 

7. Building Actruty. — ^From the Ministrj^ of 
Labour figures shovdng the value of building plans 
approved b3^ 146 local authorities in Great Britain 
twelve months’ moving average is calculated, on 
the assumption that about twelve months elapse, on 
the average, between the passing of the plans and the 
completion of the building. Seasonal fluctuations are 
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automatically cliramated by this process, but no 
account can be taken of the fact that some plans 
approved may not be e-^ecuted The senes is cor 
rected for changes in building costs by means of an 
index, the construction of which was explained m 
The Economist of llth November, 1933 

8 Iron and Stefl av ailable ior Consumption 

Based on the output of steel ingots and castings, plus 
forgo and foundry pig iron and the crude steel equiva 
lent of imports, less the cnide steel equivalent of 
exports The index is on a daily basis and seasonal 
variations arc eliminated 

9 CoNSusrPTioN OF Cotton —Total deliveries of 
cotton, ns published by the Liverpool Cotton Associa 
tion, are converted into lb , placed on a daily basis 
and corrected for seasonal fluctuations 

10 Imports of Paw Materials — The value of 
United Kingdom imports of raw matennls, less re 
exports, IS corrected by the Board of Trade quarterly 
index of prices The figures are placed on a daily 
basis and seasonal variations are eliminated 

11 Exports of British Manufactures — The 
value figures are corrected for pnee changes bv means 
of the Board of Trade quarterly index and are placed 
on a daily basis Seasonal fluctuations are eliminated 

12 SinrPiNG Movements — Based on a daily 
average of the shipping tonnage engaged m overseas 
trade entered and cleared at ports in the United 
Kingdom, with seasonal variations removed 

13 Metropolitan, Country anp Provincial 
Bank Clearings — ^Based on daily average clearing 
figures corrected for pnee changes by an index con 
stituted as follows — Ministry of Labour Index of 
Wages (2 weights) , Ministry of Labour Cost of 
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Living Index (2 'weights) ; Economist Index of IVhole- 
sale Prices (I 'W’eight). Seasonal variations are 
removed. 

14. Towx CLEAnnsrGS. — Calculated from the 
monthly town clearing figures by the same means 
as in the previous index. 

(e) Costing. 

An Index Number compiled on a similar basis for 
the costs of production would be extremel 5 r useful 
for purposes of comparison in a manufacturing business. 
By taking the average costs of the following items for 
a series of years and equating each to 100 — as weU 
as the Total Cost and Total Output — comparison would 
be easily and advantageously carried out : — 

Materials 

Direct Wages . . 

Indirect Works Charges 

Other Indirect Charges . . . . . , 

Total Cost . . . . . . . . . , 

Total Output. . 

The item of Total Output would present certain 
difficulties, in so far that it is extremeljt unlikely that 
at the end of any period all the work in hand will be 
completed. When an efficient Costing System is 
in operation it -will be possible to obtain the actual 
cost of such unfinished work as exists, and such 
costs would be deducted from the total figure charged 
to the various items before the percentage is calcu 
lated, thus ensuring that the costs relate only to the 
actual finished output. 
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Living Index (2 vreights); Economist Index of Whole- 
sale Prices (1 weight). Seasonal variations are 
removed. 

14. Towx CleariivGS. — Calculated from the 
monthly tonm clearing figures by the same means 
as in the previous index. 

(e) Costing. 

An Index Number compiled on a similar basis for 
the costs of production would be extremely useful 
for purposes of comparison in a manufacturing business. 
By taldng the average costs of the following items for 
a series of years and equating each to 100 — as well 
as the Total Cost and Total Output — comparison would 
be easily and advantageously carried out : — 

Materials 
Direct Wages. . 

Indirect Works Charges 
Other Indirect Charges 

Total Cost 

Total Output. . 

The item of Total Output would present certain 
difficulties, in so far that it is extremely unlikely that 
at the end of any period aU the work in hand will be 
completed. When an efficient Costing System is 
in operation it iviU be possible to obtain the actual 
cost of such unfinished work as exists, and such 
costs would be deducted from the total figure charged 
to the various items before the percentage is calcu 
lated, thus ensuring that the costs relate only to the 
actual finished output. 
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(б) For Short Term Fluctuattoos 
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CHAPTER X. 


CORRELATION. 

So far we have studied the methods by which com- 
parison between groups, classes or series of data can be 
carried out, but it must be recognised that we must also 
study any relationship which exists between various 
factors. It has been stated previously that all other 
things being eqioal profits should increme with the amount 
of capital invested in a business. In such a case there 
is obviously direct connection. Similarly there must 
be some connection between the Turnover of a business 
and the Profits ; and the Output of a factory should 
be closely related to the number of Man-hours worked. 
The economic law of supply' and demand indicates 
that if no other disturbing factors are present the 
price of a commodity declines as the supply increases, 
and advances when the supply diminishes. 

§ 1. — Definition of Correlation. 

Whenever some definite connection exists between 
two or more groups, classes or series of data, there is 
said to be correlation. It does not matter whether 
the data in one section changes in the same or in the 
reverse direction to that in the other, so long as a 
movement in sympathy is apparent. In commer- 
cial work it is very important that we should know 
that correlation exists, and to what extent it is present. 

§ 2. — Correlation of Two Factors. 

If we take two such factors as the supply and price 
of a commodity (or commodities) and desire to ascertain 

T 
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the effect -which the supply has upon pnce, we must 
consider the data from two aspects We must, firstly, 
eliminate the short-term fluctuations and consider the 
trend of both price and supply, secondly, we must 
eliminate the long-term fluctuations m order to con- 
sider the effect that abnormal conditions in one 
factor have upon the other at the time the condition 
rules 

We have already seen that we can ehmmate 
the short-term fluctuations of any single senes of 
data by plotting the moving aveiage line, and can then 
measure the effect of abnormal conditions by comparing 
the curve of actual figures with the curve of the moving 
average. 

If reference be made to Diagram No 8, the 
fluctuations from the mo-ving average line or trend can 
be very clearly seen, and the difference can easily be 
measured As wo arc already aware, these short-term 
fluctuations have no marked effect upon the trend, as 
may be seen from tlie regularity of the upward move- 
ment in the moving average line m the diagram men- 
tioned, though the actual figures were subject to wide 
variations 

When companson between two sets of data is 
necessary, the data to be compared should be 
placed upon the same chart, but as different units and 
types are being used, great care has to be exeicised m 
plotting the data if the true comparison is to be found 
TUbis difficulty can be eliminated by using Index ■Num- 
bers for eacli of the factors, as they -will then be reduced 
to similar terms and can be plotted on the same scale 
Columns 1 and 4 of Table Y (on next page) show 
the Index Numbers of the Supply and Price lespectively 
of any commodity The figures are entirely hypo- 
thetical, and have been compiled for the purpose of 
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illustration only. Columns 2 and 5 show the thi-ee- 
yearly average of the Indices so gathered. The 
figures in these four columns have been plotted in 
Diagram No. 23, where the curve A shows the actual 


TABLE Y. 


Year. 

SCPPLT, 

peice. 

» ! 

Index 1 

Numters. j 

1 

1 

1 

Moving 
Average 
of Indices, 

3 

Deviation 

from 

Moving 

Average. 

4 

Index 

Numbers. 

5 

Moving 
Average 
of Indices. 

6 

BeviatSon 

from 

Moving 

Average. 

1900 

106 1 

. 

— 

80 


- 

1901 

104 1 

— 

— 

90 

— 

— 

1902 

100 ! 

103 

— 3 

94 

90 

+ 4 

1903 

102 1 

102 

0 

89 

91 

— 2 

1904 

101 

101 

0 

93 

92 

+ 1 

1905 

100 

101 

— 1 

97 

93 

+ 4 

190R 

99 

100 

— 1 

98 

96 

+ 2 

1907 

104 

101 

-f 3 

91 

95 

— 4 

1908 

103 

102 

+ 1 

90 

93 

— 3 

1909 

96 

101 

— 5 

102 

94 

+ 8 

1910 

101 

100 

+ 1 

93 

96 

— 2 

1911 

100 

99 

+ 1 

93 

96 

— 3 

1912 

93 

98 

— 5 

102 

96 

+ 8 

1913 

95 

96 

— 1 

99 

98 

+ 1 

1914 

103 

97 

+ 6 

99 

100 

— 1 

191.5 

90 

96 

— 6 

105 

101 

+ 4 

1916 

98 

97 

+ 1 

100 

101 

- 1 

1917 

106 

98 

-f 8 

95 

100 

— 5 

1918 

93 

97 

— 4 

108 

101 

+ 7 

1919 

89 

96 

— 7 

103 

102 

-f- 1 

1920 

103 

95 

-L 8 

98 

103 

— 5 

1921 

93 

95 

— 2 

111 

104 

+ 7 

1922 

92 

96 

— 4 

103 

104 

— 1 

1923 

97 

94 

+ 3 

104 

106 

— 2 

1924 

96 

95 

+ 1 

114 

107 

+ 7 

1925 

89 

94 

— 5 

110 

109 

1 + i 

1926 

94 

93 

+ 1 

112 

112 


1927 

90 

91 

— 1 

120 

114 

1 + ® 

1928 

92 

92 

0 

107 

113 

1 — 6 

1929 

97 

93 

+ 4 

103 

110 

i — 


Indices of the Supply of the Commodity, and cmve 
a the moving average of the indices or the trend of 
the supply. The other curves marked B and 6 show 
the Indices and the averages respectively of the piice. 

T2 



[Chap S 

292 STATISTICS AND THEIR APPLICATION TO COMMEECE 

The curves a and b can be compared Tnth a view to 
discovcnng if there is any relation existing between 
the tv, o over the period imder re^^ew If the curves 
move together m the same or opposite direction, 
then some degree of relationship apparently exibt* 
in the trends It wiU be seen in this case that even 
after ehminating the short-term fluctuations the hoe 
showing the trend of auppiv moveN m the opposite 
direction to the cun e for the movmg a\ erages of the 
indices of price There are minor differences, as is 
only to be expected, but the general tendency of the 
curves is in opposite directions, thus indicatmg that 
price recedes wJiere supph advances, and ticc tersa 
If wo now eUmmate the long-term fluctuations and 
compare only the short-term vanatious, we may 
obtam other information of great value In columns 
3 and 6 are tabulated the deviations whicJi the mdex 
for the year shows from the moving average or trend, 
and these demtions ln\e been plotted in Diagram 
No 24 The zero line (marked EF) ma\ be regarded 
as the straightened moving average imes m the pre- 
vious diagram, and the curves show liow the indicea 
for supply and pace devnate from this hne It will 
at once be seen that in nearly all cases when supply is 
low, prices are high, and iice tersa, but m 1922 and 
1925 the deviations appear to be m the same direction 
The deviations vary considerably in magmtude, e.g , 
m 1909 and again in 1912 an equal fall m the supply 
was accompamed by rises in price which were identical 
in each ca«e, hut m 1915, though the supply was even 
shorter, the price did not nse so sharply as in the other 
two years In several jeaib the highest rise in one 
exactl} corresponded in tune with the lowest of the 
others (c/ 1907, 1909, 1912, 1915, 1929), but m a few 
cases there w as a “ lag ” m one of the factors In 
1918, for example, the price deviation was lugh, and 
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then fell away in the following j’^ear ; but though supply 
fell in 1918, it was lower stiU in 1919. Again, in 1921 
the price de-\nation was high and that for supply low, 
but in 1922 both price and supply receded. These 
circumstances indicate that other factors, such as 
speculation, were influencing the x^riee, but it is clear 
that the supply is the main factor regulating price. 
Knondng this is so in any particular case, the astute 
business man in possession of information as to the 
likelihood of supplies being short w'ould anticipate 
the rise in price by buying early. This is where valu- 
able information is given by commercial newspapers 
in supplying estimates of crops, output, etc. 

§ 3. — Co -Efficient of Correlation. 

(a) For Long Term Fluctuations. 

Wliile the method outlined above is satisfactory 
for most purposes, particularly for commercial data 
and with a vieAV of ascertaining if correlation is present 
in the factors under review, yet it affords no means of 
measuring tlie degree of correlation wliich exists in 
the data. It is necessarj^ therefore that a co-efficient 
of correlation be prepared in order to render comparison 
possible. To do this we class the two factors we are 
investigating, the one as the Subject and the other as 
the Relative. The “ Subject ” is the factor we desire 
to use as the standard, while the “Relative” is the 
variable we, are desirous of comparing with the subject, 
e,g., in the foregoing example the Supply of the com- 
modity is the Subject, and the price may be regarded 
as the Relative. 

When it is desired to measure the correlation pre- 
sent in long-term fluctuations the most satisfactory 
co-efficient is that calculated by Karl Pearson for 
measuring biological coiTelation. It (r ) is obtained as 
follows : The deviation of each “ subject ” item from 
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the Arithmetic Average of all the Subject items {x) is 
multiplied bg the deviation of each “jReZa/ue” item 
from the Arithmetic Average of all the Jielaliie itejns (y), 
and the results so obtained are summaled and divided 
by the number of ttems under retieto (n), multiplied by 
the Standard Deviation of the Siibjeei items («7,) and by 
the Standard Deviation of the Relative items (o-.) i e.. 

Example : ‘ n <ri a. 



Scsjzcr 



Exiinrx. 


CaelUl 

I>cTUUon 

Si]B&n 

profit 


« 









Otll 

Avenje 

DfrUOon. ^ 

. of 

Arme* 

Derlatlon. 

1 

r«) 

(z) 

Jr*» 

(J) I 




10 

- 4S 

2025 

^ *1 

- n 

121 : 


so 

- 35 

1225 

4 

- & 

SI 


so 

- 35 ‘ 

525 

8 1 

- 5 

25 

125 

40 

• 15 

225 

s' 

- 8 

64 


so 

- 5 

25 

10 < 

- 3 

9 


eo 

■¥ 8 

25 

15 

+ 2 

4 


70 

-I-IS 

225 

14 i 

+ 1 

1 

+ 15 

80 

+25 

025 

20 

J- 7 


90 

+ 35 

1225 

22 1 

1 + 0 

1 81 

+ 315 


+45 

2025 

30 

1 

+ 17 

1 289 

+ 765 

Aver 55 


2x* 8250 

j Arcr 13 j 


2y* 724 

2{zy)+23S0 


Then the Standard Deviation of the Subject items p-j = 
/ 8 ^ ^ 

' 10 


and the Standard of Deviation the Relative items — 


= 


8*507 


therefore the Co-efficient of correlation 
2350 2350 


= 0-0618 


10 X 28*72 X 8*507 2443 

It must be home in mind that in calculating both 
X and y due attention must be given to the signs pre- 
ceding the deviations so that -fx and -y will give 
-xy and the sum is the algebraic sum. 
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When there is perfect correlation between the 
factors under consideration it is represented by the 
sjTnbol 1. If the correlation is direct, i.e,, the devia- 
tions of both factors are in the same direction as is 
the case in the example just given, the iiositive sign 
(+) is prefixed to the symbol ; while if the movement 
in the Relative is in the opposite direction to that in 
the Subject the negative sign { - ) is used as a prefix. 
The sj^mbol 0 indicates that no correlation exists. In 
the above example therefore the correlation would be 
expressed as + ‘9618. 

Note . — ^Vhen the deviations in the Subject and Relative are in the same 
direction the deviations are said to be “ concurrent.” 


(b) For Short Term Fluctuations. 

Occasionally it is found necessary to stud}'’ the 
correlationship existing in short term fluctuations, and 
when this is required an adaptation of the above co- 
efficient of correlation is used. Instead of using the 
deviations of the items of the Relative and Subject 
from the Arithmetic Average of the items in each case 
we calculate the deviations from the Trend. In such 
a case the Moving Average of the Index Number 
of the two factors is calculated, and the deviations of 
such figures from the average of the Indices is the 
measure of deviation which is used for obtaining the 
Standard Deviation in each of the cases. With this 
difference the formula and the method of calculation 
are exactly the same. 

(c) The Probability of Error. 

In considering any question of correlation we must 
recognise the fact that if only a few representative 
items are used in calculating the co-efficient of cor- 
relation chance may result in an apparent connection 
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being present, i\-hereas if a larger number of examples 
were taken it would l)e proved to be non-existent. 
In order to guard against false assumptions being 
made it is usual to calculate the probable error in the 
co-efficient, and use it in the same way and for the same 
reason as the probable error which is present in an 
estimate. The formula for calculating the probable 
error in the co-efficient of correlation is as follows : — 
Subtract the square of the co-efficient of correlation from 
iinityf multiply by 0‘6745, and divide the result by the 
square root of the number of items used in obtaining 
the co-efficient. In the example given below, therefore, 
the probable error is : — 

•6745*(1 - *9618®) *6745 (1 - -9251) 


Jio 

•6745 X -0749 
3-162 


•05053 

3-162 


3-162 
= -01598. 


The co-efficient of correlation would therefore be 
written 0’9618 ± 0*01598. 

/■ If the co-efficient is less than the probable error 
obtained in this manner it is apparent that there can 
be no correlation between the factors, but when the 
co-efficient is larger than the probable error correlation 
can be assumed. It is not advisable, however, to rely 
upon its presence unless the co-efficient is several 
times larger than the probable error. Obviously 
therefore the la^er the number of times the co- 
efficient exceeds the probable error, the greater the 
degree of correlation. 


§ 4. — Ratio of Variation. 

As will be seen from diagram No. 24 the movements 
of the variables while generally corresponding as to 
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time do not necessarily agree in the degree to which 
they move. In the year 1912, for example, the price 
movement was nearly twice as great as that of supply. 
It becomes imperative, therefore, to know what is the 
average ratio existing between the proportional or 
percentage deviation of the two curves from the base 
used to measure such deviations. The resultant is 
Imown as the ratio of variation. 

To calculate this ratio of variation we take the 
deviation of the relative items from the mean at each 
date and divide it by the corresponding deviation of 
the subject. The quotients so obtained would then be 
added and divided by the number of quotients. 

This calculation is satisfactory when the move-' 
ments are regular, but a better method is to plot the 
Index Figures of the data (columns 1 and 4 of 
Table Y) using the vertical scale for the Index of the 
subject and the horizontal for that of the Relative, 
as shown in the accompanying diagram known as the 
Ga lton graph . We thus obtain a number of points, 
some widely scattered. The next step is to draw a line 
most nearly, approximating the general trend of the 
pomts plotted. This is generally done by finding a 
line running in the direction, as nearly as can be 
ascertained by the eye, and having the same number 
of points on either side and, as far as possible, equi- 
distant from it. If perfect correlation be present 
the line obtained by joining the points plotted vill 
be perfectly straight, or, if there be a lag, a well 
defined and regular curve. 

If the line points doAvnw^ard to the left then the 
correlation is direct, and vice, versa; wliile if no well- 
defined tendency is exhibited no correlation is present. 

In using this Galton graph we must remember that 
if the relative changes by, saj”, 5 per cent., and the 
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subject changes to a lihe extent, then the ratio of 
variation is obvioush unit3 In such a case the points 
n ill be found arranged on either side of a luie of 45® 
slope, and such line represents a line of equal proper 
lional larialion When the Relative shovs a tendency 
to change less than the Subject, the line vail be at a 
less angle than 45° to the vertical This line is Lnovn 
as the regresstoa hnt The nearer this regression line 
approaches the \ertical the slighter the degree of 
correlation The larger the number of points plotted 
the more reliable the results \v lU be 
Example 

Plot a Galton graph from the following table and 
show the Ratio of Variation between Bank Clearings 
and Immigrants for eight years 


Y«ir 1 

IiemlcmiU lit 
T«a* of Tbooaattds 

Bank Clrtn&eslB 
lllUtOBI of iTl 

1 1 

79 

49 

2 

1 S2 

40 

3 

i 

25 

4 

' 65 

35 

6 1 

46 

35 

6 

62 

34 


31 

34 

8 

34 

2S 


Average = 49 

35 


Lising the average as the base in each case we 
get the followmg Indices ; 

lodex o( iDdex of 

ImisISTaots Bmak Cleirtass 

f 

161 , 140 

106 I 114 

67 71 

112 100 

94 100 

126 97 

63 97 

69 SO , 

These are then plotted and the Line of Regression 
drawn (CR). 







80 90 100 110 120' 130 I40 


INDEX OF BANK CLEARINGS 

RELATIVE 
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To find the ratio of Tanation draw a horirontal 
line at any point such as BE, cutting the Line of 
Begression at A The ratio of the avenge vanation 
of the Eelative to the avenge variation of the subject 
IS represented by AB/BC or the tangent of the 
angle ACB 

In the graph AB = 52 and BC = 70 
52 

The ratio of vanation s= — 0 74 approx 

Thus for every change of 1 per cent m the subject 
there is a tendency for the Relative to change 74 per 
cent The complement of this fraction, viz , 0 26, is 
called the ratio of regression 
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SYNOPSIS TO CHAPTER XI. 


THE CENSUS AS AN AID TO SCIENTIFIC 

BUSINESS. 

§ 1.- -iNrOBJtmON OBTAINABLE FBOM THE CeNSDS. 

2. — Value oe Census Statistics to Business JEen. 

3. — Density of Population and Makket PossiBiLmEs. 

4. — Peb Capita Consumption of Commodities. 

5. — 'Rs ttma ttno the Quality of SIabkets. 

6. — Occupational Lists and Laboue Supply. 

7. — ^Thb Localisation of Industbies. 

8. — Value of Census Eepobts to Pkooucebs and SIanufactueebs. 
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CHAPTER XI 


THE CENSUS AS AN AID TO SCIENTIFIC 
BUSINESS 


The Census taken by the Registrar General of this 
country is pnmanly intended for the use of the Govern 
ment, but it is of very great interest to economists 
and students of sociology^ and affords much material 
for study by statisticans The preliminary report of 
the Registrar General shows the distribution of the 
population, as well as the increases and decreases 
which have taken place m different areas Busmess 
men, however, do not, as a general rule, recognise that 
in this report, as well as m the others which have jet 
to be compiled and published, there is information 
of a verj important nature , information which, if 
studied carefully and mteUigently, may solve some of 
the problems of business which confront them 

§ 1 — Information obtainable from the Census 

The Census is usually taken every ten jears, but 
it has been proposed to count the population every 
fifth year A form is distnbuted to each household 
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calling for information relating to every person therein 
at a particular date, under the following headings ; — 

(1) Names of the persons comprising the Household. 

(2) Relationship to the head of the house {e.g.. 

Wife, Son, Visitor, Boarder, Servant, etc.). 

(3) Age in years and months. 

(4) Sex. 

(5) VTiether married, single, widowed or divorced. 

In the case of persons under 15 years of age, 
whether or not parents are alive. 

(6) Birthplace and nationality. 

(7) Personal Occupation. 

(8) Emploj’-ment. 

(9) Place of Work. 

(10) Number and age of all living^ cluldren and 
step-children under 16 years of age, whether 
residing in the house or elsewhere. 

Prom this information it is possible to ascertain not 
onty reliable figures as to the number of inhabitants in 
this country, but also how they are distributed, and 
the sorts and conditions of people who form the popu- 
lation of the various areas into which the country is 
divided. A study of this information enables the true 
condition, both social and economic, of the people to 
be ascertained. These data enable not only the national 
but also local government to be adjusted to the 
peculiarities shown. The details as to the age of the 
inhabitants permits of estimates as to the amount of 
money which wiU be required to provide for old age 
pensions, and for the provision of educational facilities, 
to be made with a reasonable degree of accuracy ; 
while comparisons of the number of deaths per thousand 
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of the population in each area will supplj clues for 
medical investigations into health and hvgiemc con 
ditions The distribution of the population will show 
the centres most suitable for the distribution of food 
stuffs easential to the welfare of the inhabitants in 
times of transport difficulties, and will also enable 
the demand for the necessities of life to be estimated 
accurately , while both national and local services of 
public utihtj can be provided according to the varying 
needs of the different distncts 


§ 2 — Value of Census Statistics to Business Men 

The trade of this country depends more than any 
thing else upon one factor, the consumer, and the 
manufacturer, wholesaler, or retailer, needs to study 
his customers very closely indeed if he is to build 
a big business and create a valuable goodwill If the 
goods suppUed do not meet \nth the appro\ al of the 
consumer they will not sell in large quantities, however 
cheaply they may be produced, while it is obviously 
useless and a waste of money to endeavour to sell 
articles of luxury in an area the inhabitants of which 
consist largely of unskilled workers whose incomes are 
relativelj small The Census Reports supply a 
w ealth of information about the consumers and where 
thej are located, and thus wuU well repay a business 
man who carefullj studies their contents, if only from 
this pomt of vieu alone The object of the writer is 
to pomt out some lines for investigation for those 
interested to follow Some of these wiU be found to 
applv to certam trades or mdustnes only, but every 
trader or busineas man can obtam some useful 
information if he will but stud} the reports as they 
are issued 
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§3. — Density of Population and Market 
Possibilities. 

In the first place, the reports -will show the dis- 
tribution of the people, and since the areas of the 
various districts are also included, it is possible, wth 
but httle calculation, to ascertain the density of the 
population in any given area. To the producer of 
goods, and to the large distributing houses, this will 
afford invaluable information as to the Hkely areas in 
which to develop a market, for, all other things being 
equal, the best district upon which to concentrate the 
efforts will be that one which has the greatest density 
of population. An example will perhaps be of interest. 
Supposing it is desired to open a branch establishment, 
say, in Yorkshire, a county which contains several 
large towns and cities. The preliminary Report of 
the 1931 Census showed that the two predominant 
boroughs were Sheffield, with a population of 490,724, 
and Leeds, with 468,320 inhabitants. The former town, 
hpwever, has an area of 24,930 acres as against 28,090 
acres in Leeds. It may, of course, happen that 
suburbs which are separately shown, being independent 
boroughs, may alter the ratio when combined with the 
figm*es for the main areas, but, again all other things 
being equal, Sheffield Avould appear to be the better 
centre, for not only is the population greater, but its 
area is smaller, thus reducing the scope and also the 
expenses of the delivery service, since the density of 
the population is so much greater. The question of 
suburbs is, however, an important one in the case of 
a large town, for although these are actually outside the 
borough or city boundaries, yet their inhabitants may 
be engaged in the tovra itself, and are thus prospective 
customers. This fact needs no demonstration when 
we consider the case of the City of London, with a 
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resident population in 1921 of only 13,706 The 
geography of the distnct therefore needs to be studied, 
and the area and population of the surrounding 
suburbs taken into account, \rhile if the object is to 
e«jtabh«b a distributing centre, the proximit-s of other 
large towns or populous areas must not be over- 
looked if the greatest amouut of busmess is to be done 
economically The information as to the distribution 
and density of the population may be said to show the 
“ Quantitative” market 


§4 — Per Capita Consumption of Commodities. 

^^he^e an established busmess has alreadj wide- 
spread «ales, the total sales for various areas can be 
ascertained uith but bttle trouble, and the per capita 
consumption for the different areas calculated by 
dividing the consumption of the distnct bv the number 
of inhabitants therem as shouu by the Census Reports 
A companson of the per capita consumption of neigh- 
bounng districts uiU show w hether there is any marked 
divergence , and if such is found to exist, then steps 
can be taken to level up the consumption by mvesti 
gatmg the causes and planning an intensive ^ellmg 
and advertising campaign If the particular com- 
modity handled apjieals onl\ to ceitam section* of the 
commimity. then the per capita consumption of that 
section can be ascertained and compared in like man- 
ner , for instance, if tlie goods are intended for the 
ladies onh, the figures relatmg to the female popula 
tion would be used, while when the analysed returns 
showmg the distnbution of the inhabitants by ages 
are available, other data may be obtamed For 
instance, the number of infants will be available, and 
also the areas where the infantile population i* den^e 
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will be shown, and these figures can be used if the 
product is one intended for the consumption of children, 
or deducted from the total population where the goods 
are for adults only. Similarly, by carrying the 
analysis of the sales further, it will be possible to 
ascertain whether the per capita consumption varies 
at different times of the j'^ear, and this information 
can be used unth a view to discovering whether the 
article is one suitable for use all the year round, and 
talcing steps to increase the sales in the seasons when 
consumption decreases, or, alternatively, of locating 
the limits of the seasonal demand in the various areas, 

§ 5. — Estimating the Quality of Markets. 

Detailed reports by the Registrar-Genciul \vill show 
the occupations of the population, and how persons 
following the various professions, trades or businesses 
are distributed over the different tovms and districts. 
From such information it vdll be possible to estimate 
the “ quality ” of the markets available in the differ- 
ent areas, for if the population in one centre, though 
dense, consists of relatively poorly paid workers, it 
may not be so advantageous or fruitful in results to a 
business as another district Avith fewer inliabitants, each 
of whom earns higher wages than those ruling in the other, 
area. To obtain such information it will be necessary 
to supplement the information obtained from the 
Census Reports witli the statistics of wages and hours of 
employment issued from time to time by the Ministry 
of Labour. From these figures a fairly accurate esti- 
mate can be made of the income of the working-class 
areas, and thus the purchasing poAver of the community 
in such areas can be gauged to some extent. Apart 
from this, liOAvever, the regional^ lists of occupations 
win supply clues as to the type of commodity likely to 

U 2 
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be demanded -witlim am given area or areas, and thus 
arrangements be made to meet the pojssible demand 
which maa arise, or, altemativelj , step* taken to 
interest the inhabitants in the particular eoramodih , 
and so create a demand 

In the cases of those houses producing or handling a 
product which appeals onlj to a certam cla«s or classes 
of the commumtv, the localities in which such people 
are densely congregated will be shown m the regional 
lists, and the necessarv steps to develop anj new fields 
so revealed can then be taken In each of these cases 
energies will he concentrated upon the most hkely 
districts to produce results, thus permitting adver- 
tLsing allocationN to be adjusted and used to the best 
possible advantage Wasteful expenditure on this 
verj important item mil thus be avoided 

here a business has a purelv local demand for a 
particular commodity or type of commodity, the pnn 
cipal of such a house can consider the advisability of 
extending hi« operation^ to areas having similar 
chanctenstics, and these can be found by studying the 
distribution of the population by occupations, added 
to a study of any geographic conditions which may 
have an effect upon the demand Thi^i geographic 
factor IS naturally an important one in many cases, 
for a commodity which suits i certain class, in. Nay, 
the South of England, max be totally unsmted for 
consumption by a similar class in the North of 
Scotland 

§ 6 — Occupational Lists and Labour Supply 
The occupational lists will also show the apparent 
supply of labour, both skilled and unskiUed, available 
for diff erent industries m the various districts, and this 
IS an important factor to be considered u hen deciding 
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the establishment and location of a new works. Apart 
from climatic conditions it would, for example, be 
foohsh to commence a cotton-spinning or weaving 
mill in Kent, for the supply of sldlled labour would 
be non-existent, and thus, unless such labour was very 
mobile indeed, or special inducements were offered, the 
project would probably fail from this cause alone. It 
must also be remembered that labour is not likely to 
be attracted to an undertaking unless there are reason- 
able facilities for changing the scene of Avork in the 
same district, should the necessity to do so arise, 
otherwise, should the particular business fad, the 
position of the worker is much worse than when other 
works of a similar nature are in the near neighbourhood. 
Similarly, the report, showing the distribution of the 
population bj’’ age and sex, will be useful for studying 
the problem of future labour supply. It Avill be found 
that in those industrial areas where the rate of wages 
is good, and continuity of employment is the rule, 
the great tendency is for the majority of the children 
to pass into the industry. Such is not the case, how- 
ever, Avhere seasonal or other fluctuations cause the 
periods of unemployment to be considerable. The 
future labour supply is an important factor, and in 
estabhshing a new industr}'^ or works one would 
naturally avoid areas where the ratio of children to 
the total population is low, or where the fertihty of 
marriage is small, in favour of those districts showing 
a large proportion of children or a high ratio of pro- 
ductivity. Another factor which has to be con- 
sidered when studying the labour supply is the number 
of employers, and this information is also obtainable 
from the reports. If it be found that the number of 
employers is increasing, while the labour supply is 
either stationary or decreasing and the future supply 
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of labour, therefore, is hkelj to diminish, competition 
for the available supplj of worl^ers will ensue, high 
wages will result and tlie business may not therefore 
prove to be as remunerative as would appear upon the 
surface Anjone, for example, flunking of establish- 
mg a new private educational institution, should 
carefully studj pomts such as these, unless, of course, 
the personal connections are of such a nature as to 
insure immediate and futuie success 

The third factor which is of great importance when 
estabhshing a nen business in tlie home trade is the 
likely demand, and this also may be gained to some 
extent by a study of the Census Tables, as alreadv 
pointed out when considering the question of possible 
markets, and therefore that business which is estah 
hshed in a good centre for labour supplj , osithout too 
manv competitors, and near a good market for its 
product, has a better chance of success than one not so 
favourably situated 

§ 7 — The Localisation of Industries 
Still another factor needs consideration, and that is 
the proximity to supplies of raw material, for obviously 
these should be cheaper to purchase when produced 
in the neighbourhood than when they have to be 
transported long distances Here, again, the occu- 
pational lists should supplj quite a lot of useful in 
formation, for it will be po^ible to ascertain where 
goods or material are produced bv studving the 
distnbution of the workers, for, when a certain class 
of worker is found to be in a certain area the location 
of the industry may be assumed Information regard 
mg the locahsation of industries is alwajs of import- 
ance to a new concern, for, in some cases, there luaj 
be chmatic or phjsical reasons for such locahsation. 
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reasons which Avill raaterially assist in the successful 
establishment and development of a business, while in 
others it shows possible fruitful fields for commencing 
business free from the stress of competition. Any 
change in the localisation of industries needs to be 
noted, and the reasons for such changes ascertained. 
To the purchaser of goods it may show fresh sources 
of supply of raw or other materials as yet untouched 
by him. The producer needs the information, since 
his suppty of labour may be affected materially by 
migrations to other areas developing the industry, 
and able, owing to natural or other advantages, to 
produce more cheaply or pay better wages. 

The report as to the distribution of the people 
according to thew respective occupations is also of 
great importance to the large producer, for it is in 
this return that he wiU be able to find the number of 
distributive businesses interested in his product. Un- 
less his policy is one of appointing sole district agencies, 
every retailer in his line is a possible purchaser and 
distributor of his goods, and he can thus ensure that 
aU are properly approached in order to secure their 
active co-operation for their mutual profit. 

Advertising men may likewise reap much informa- 
tion from the distribution of the population, the areas 
of greatest density showing the most likely field for 
general advertising, the occupational lists giving details 
of areas suitable for advertising commodities of in- 
terest to special classes or industries, and generally 
should assist in suitable forms of advertising being 
adopted, for the t3^e of advertisement which attracts 
replies and business from an agricultural area may 
bring no result at all from a mining or manufacturing 
area. Luxury articles need advertising in appropriate 
localities, furniture and other household articles in 
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areas -whero the number of young people of mamageable 
age IS considerable, and articles for children in distncts 
where thej are most numerous 

To those concerns engaged in transport of any land 
the reports should be very helpful, for the distribution 
of the population and the location and magmtude 
of mdustnes ■\\all show helds capable of deN elopment, 
and investigation will reveal opportumties for exten- 
sion of existing facihties, altering the present services 
to meet changed conditions, and so benefit both the 
public and the business 

§ 8 — Value of Census Reports to Producers and 
Manufacturers. 

The producer of articles of staple consumption can 
see from the reports where to concentrate lus efforts 
in order to develop his markets, and also the possible 
number of consumers he may hope to reach The 
manufacturer of a household commodity by studjing 
the distnbutions by famibes will obtain information 
to guide him as to likely sources of demand, and can 
plan his selbng campaign to reach the maximum 
number with the minimum of expenditure The sales 
manager by studjnng the figures given can possibly 
account for decreases ■which have taken place in his 
sales in certain areas by the decrease shown m the 
population therem, and can thus relax efforts to niain- 
tam sales m a district which can only be expected to 
purchase less He can thus use his efforts, and expend 
money more usefully, in givmg more attention to 
areas which show considerable increases A study of 
the prelumnary report shows, for instance, that the 
population of the county of Cornwall decreased by no 
less than 7,539 people, the declme in Penzance alone 
accounting for 1,382 of this totak It will be found 
that in this particular town the population has fallen 
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10 per cent, on the figures at the previous Census. 
AH other things being equal, therefore, sales in Corn- 
wall, and Penzance in particular, must be expected to 
show a decline unless the remaining population in- 
crease their consumption 'per capita, but, knowing the 
true circumstance of the cases, there would be no need 
to worry over such fall. Similarly, we find that Dover 
shows a decrease of 3,660, while the neighbouring 
town of FoUiestone shows an increase of 4,069, 
consequently efforts should be directed to increasing 
sales in the latter area rather than try to maintain 
the same turnover in Dover. Other areas will be 
found to show considerable increases, and inquiry 
Avould therefore be made to see if the sales had 
increased in lilce ratio, for, if they have not, steps 
should be taken to develop the latent market which 
is thus shown to exist, and travellers’ routes and 
advertising allocations adjusted to the changed con- 
ditions thus revealed ; for growing areas need “ nurs- 
ing,” and decHnhig districts wliile not neglected should 
not receive the same attention as heretofore, provided 
that the per capita consumption of the population does 
not show a decrease at the same time as the number of 
inhabitants. Demand in certain areas for certain 
commodities may show a decline owing to a change in 
the sex composition of the population, for if the ratio 
which the two sexes bear to one another changes, the 
character of demand is likely to change also. In 
Devonshire, for examj)le, the population increased by 
9,785, but the male element shows a decrease of 787, 
while the fair sex showan increase of no lessthan 10,572, 
so that the demand for feminine commodities should 
show a marked increase as a consequence, while the 
male demand might justifiably be expected to decline 
shghtly. The other factors as to age and industry 
must, however, be considered at the same time. 
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areas where the number of young people of marriageable 
age IS considerable, and articles for children in distncts 
where they are most numerous 

To those concerns engaged in transport of any kind 
the reports should be very helpful, for the distnbution 
of the population and the location and magmtude 
of industries will show fields capable of de\elopment, 
and investigation will reveal opportumties for exten* 
Sion of existing facihties, altering the present seivices 
to meet changed conditions, and so benefit both the 
public and the business 

§ 8 — Value of Census Reports to Producers and 
Manufacturers. 

The producer of articles of staple consumption can 
see from the reports where to concentrate his efforts 
m order to develop his markets, and also the possible 
number of consumers he may hope to reach The 
manufacturer of a household commodity by studying 
the distributions by fauuhes will obtain information 
to guide him as to likely sources of demand, and can 
plan his selling campaign to reach the maximum 
number with tlie minimum of expenditure The sales 
manager by studying the figures given can possibly 
account for decreases which have taken place in his 
sales in certain areas by the decrease shoivn m the 
population therein, and can thus relax efforts to main- 
tain sales in a district which can only be expected to 
purchase less He can thus use his efforts, and expend 
money more usefully, in giving more attention to 
areas which show considerable increases A study of 
the preliminary report shows, for instance that the 
population of the county of Ckimuall decreased by no 
less than 7,539 people, the decUne in Penzance alone 
accounting for 1,382 of this total It will be found 
that in this particular town the population has fallen 
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10 per cent, on the figures at the previous Census. 
All other things being equal, therefore, sales in Corn- 
wall, and Penzance in particular, must be expected to 
show a decline unless the remaining population in- 
crease their consumption per capita, but, knowing the 
true circumstance of the cases, there would be no need 
to worry over such fall. Similarly, we find that Dover 
shows a decrease of 3,660, while the neighbouring 
tow'n of Folkestone shows an increase of 4,069, 
consequently efforts should be directed to increasing 
sales in the latter area rather than try to maintain 
the same turnover in Dover. Other areas will be 
found to show considerable increases, and inquiry 
would therefore be made to see if the sales had 
increased in hke ratio, for, if they have not, steps 
should be taken to develop the latent market which 
is thus sho-wn to exist, and travellers’ routes and 
advertising allocations adjusted to the changed con- 
ditions thus revealed ; for grovdng areas need “ nurs- 
ing,” and declining districts while not neglected should 
not receive the same attention as heretofore, provided 
that the per capita consumption of the population does 
not show a decrease at the same time as tlie number of 
inhabitants. Demand in certain areas for certain 
commodities may show a decline owing to a change in 
the sex composition of the population, for if the ratio 
which the two sexes bear to one another changes, the 
character of demand is likely to change also. In 
Devonshire, for example, the population increased by 
9,785, but the male element shows a decrease of 787, 
while the fair sex show an increase of no less than 10,572, 
so that the demand for feminine commodities should 
show a marked increase as a consequence, while the 
male demand might justifiably be expected to decline 
slightly. The other factors as to age and industry 
must, however, be considered at the same time. 
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Even the locnl tnder can study hi3 own area to see 
what clnnges have taken place in the distnbution and 
occupations of the inhabitants for these may affect 
Ins trade inatcnall\ An increase m the population 
should increase demand , a cliango in the occupational 
pursuits maj change the nature of the goods m demand 
If infants arc numerous ho can lay him«:clf out to 
supply their multitudinous needs , if } oung people of 
marriageable age predominate, ho can provide for their 
requirements , if people of mature jears are present in 
considerable numbers attention can be concentrated 
on those commodities which appeal to old age If the 
area is a growing one ho must take stops to see that 
his demand grous at least in the same ratio as the 
population If it does not, he is being left behind in 
the business race 

In studjang the prehminarj report it must bo re 
niembcrod that the latoi and more detailed rotunis 
maj alter the aspect of the first presented data m some 
cases The forced postponement of the 1921 Census 
to a Sundaj, undoubted^ affected the distnbution 
of the population to some degree, for holiday makers 
weie recorded at the holiday resorts instead of m 
their own towns, ivhile a Sunday in summer results 
in mail! people being awaj from home on week 
end or other short visits The occupational lists 
will, however, be prepared on the basis of the place 
of employment, and will thus correct to some degree 
the figures for seaside towns and other holidaj 
resorts, and therefore the figures for these must only 
be tentatively accepted 

Numerous other uses for the Census figures will 
doubtless reveal themselves on intelligent inquiry, but 
enough has been said to indicate their great value to 
enterpnsing business men 
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CHAPTER XII 


BUSINESS RESEARCH. 

Dunng the last decade mucli progress has been made 
m the methods of conducting business progress, which 
the war retarded m some directions and developed m 
otheis, but this progress has been chiefly on the side of 
production rather than that of administration, and 
consequently there is to-day a tendency for the 
attention given to trade and commerce to be of a one- 
sided nature, instead of developing the whole m its 
proper proportions 

§ 1 — Profit Earning Possibilities of Research 
Work 

Manufacturers and produceis have long since recog 
nised the necessity for improved methods in the factory 
and workshop, and many useful inventions have been 
by tbs- b^tfces gwis w/kc, 

quickly and at a lower cost The war saw a careful 
stud\ made of commodities, and the provision of 
substitutes for those which were either unobtainable or 
scarce, and to day as a consequence many large 
industries maintain Research and Experimental De- 
partments controlled by tramed and expert expen- 
menters and research workers The dyeing, chemical. 
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and nietallurgic industries are good examples of 
expansion resulting from such a policy. The electrical 
equipment manufacturers spend large sums of money 
in improving the machinery and equipment which they 
produce, and the pubhc benefit by better commodities 
and greater reliabdit}^ in those on the market. This 
has been particularly noticeable in the development of 
the electric lamp. The internal combustion engine of 
to-day is a reliable unit in the transport •world as a 
result of constant research work, while air transport is 
an established factor as a consequence of the experi- 
mental work of aviation pioneers such as the Brothers 
Wright, Codj^, Count Zeppelin, and others. The 
experiments and researches of Marconi, Edison, and 
other scientists have made the world richer in means of 
communication, etc., and provided ways of utilising 
capital profitably, as well as opening out great possi- 
bilities in other directions. The efficiency of the 
typewriter, calculating machines, cash registers, and 
other mechanical aids to business is due to the constant 
efforts to overcome difficulties and increase the service 
to be obtained from them. All these are sound 
business propositions resulting in the profitable employ- 
ment of capital, and tliis result is due to the untiring 
and never ceasing effoi*ts of the research workers. 
Industrial research is to-day an estabUshed factor in 
manufacturing, its utility is recognised, and its profit- 
earning possibilities demonstrated to the world. 


§ 2. — Co-ordination of Producing and Selling 
Organisations. 

Many of the greatest inventions of the age are due 
to the desire to supply such wants as have been dis- 
covered to exist. In other words, the research and 
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expenmental 'work has been undertaken as a conse- 
quence of an inquiry into the needs of the pubhc, and 
the most successful business is one which supplies the 
requirements of the general pubhc, but it must be 
borne in mind that the mere production of an article 
is of no use unless the pubUe Icnow of its existence, and 
where and how they may obtain it To place an 
article upon the market, even when its utility is beyond 
question, calls for the exercise of much skill and the 
expenditure of considerable sums of money It is 
therefore becoming increasingly recognised that the 
selling side of the business needs as careful organisa- 
tion as does the producing side The present tendency, 
however, is to treat each of these two departments as a 
separate entity, whereas they are interlocked and de- 
pendent upon each other to such a degree that both 
must be considered at one and the same time, and the 
effects of changes in either upon the other studied If 
the selhng side is better orgamsed than the produemg 
side of the business, the sales will tend to exceed the 
productive capacity, and the reputation and results of 
the business suffer through delay in dehvenes , while 
if too much attention is given to the pioduction, over- 
production may result and heavy stocks accumulate 
The former is certainly the lesser of the two evils, for 
the latter must ultimately lead to financial stringency, 
and frequently to the appointment of a receiver 
The production and the sale of the commodity 
handled, though of pnmary importance, are not, 
however, the only factors in a business which need to 
be considered Theie is also the financial aspect to be 
remembered, and unless this has also received due 
attention the other factors may be materiallj handi- 
capped It IS therefore of great importance that the 
whole of the factors be co-ordinated in order that 



§ 2 .] 

BUSUTESS RESEAECH. 319 

each may receive its due consideration, as so doing 
the welfare of the business as a wlvole •will be ensured. 
The financial resoxirces will then he utihsed to the full, 
production and sales -will receive their full quota of 
attention, and the various interests -will be reconciled, 
thus ensuring the smooth worldng of the business 
macliine, the abiHty to finance aU operations ade-., 
quatel'y, the provision for contingencies, the meeting 
of all competition from other manufacturers, the safe- 
guarding against loss, the elimination of waste, .the 
utilisation of the plant to its fuU capacity, and the 
earning of profits. 

Many manufacturers are content if their sales equal 
their production, and many traders satisfied when their 
turnover shows an increase, but possibly neither is 
making as much profit as would be possible were the 
busmess administered upon a scientific footing. It is 
a very difficult matter for the business man to obtain a 
detached \aew of his oum business. To a manufacturer 
the production of goods tends to outweigh other 
factors, while the trader is more concerned ■with the 
selling side. Moreover, it is impossible for the busy 
head of affairs to spare the time necessary to study the 
effects of various changes, or perhaps for altered 
conditions in advance. If Industrial Research has 
jdelded so much benefit to the commercial com- 
munity, as AveU as to those wise enough to recognise the 
advantages to be reaped therefrom, -yhy should not a 
Research Department for the business as a whole be 
beneficial ? Every phenomenon met "with in business 
has a cause, and therefore every change which takes 
place should be analysed in order to find the cause or 
causes responsible therefor, so that Avhen similar 
conditions are again hkely to come into operation the 
results can be foreseen and provided for. In other 
words Statistical Methods should be used. 
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§ 3 — General Functions and Objects ol Business 
Research. 

Such a Business Research Department would not 
confine itself to the conditions rulmg in the jiarticular 
business houses instituting it, but would also studi the 
, conditions ruling in the industry, and in the commercial 
and financial world generallj The causes of all 
changes should be earefullv recorded, and their effects 
noted, so that tendencies can be forecast and ♦heir 
results either taken advantage of or guarded agamst 
If this were done looses would be minimised, profits 
increased, capital used economically and advantage- 
ouslj, and the business as a whole, and its proprietor 
in particular, benefit All this work is essentiallv of 
a scientific statistical nature, and if undertaken hr 
trained observers would leave the proprietor or pro* 
pnetors of a business or the management of a company, 
free to direct the general pohc\ of the busmess instead 
of being worried with the work of maintaining a close 
watch on market tendencies and movements 

The Busmess Research Department should have no 
executive function, but should confine its attention 
to carefullj studying all the factors relatmg to the 
busmess, the commodity or commodities handled, the 
methods of production and sale, etc It would thus 
ensure that all departments receia e due attention and 
would hold the balance between the varymg interests 
involved, and so prevent a one-sided organisation. 
While not an actual profit eammg department, its one 
aim and object will be to increa'^e the profit-earmng 
capacitj of the busmess by pointing out factors which 
should be taken advantage of and those which will 
need to be guarded agamst If an Industrial Research 
or Expenmental Department were already in existence 
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it would in no wa}' interfere ^ntli its operations, for the 
objects of the two are quite distinct. The Industrial 
Research Department -nill, as now, concentrate its 
efforts on improving the methods of production, or in 
experimenting vith new processes or products. The 
Business Research De]>artment studies tlie results 
aclheved by the Industrial Reseai-ch Department to see 
whether they are commercial propositions and, if so, 
what effects the manufacture of such products uill 
have upon the business as a w'hole, and the demand 
which can be expected or created. It would tlius act 
as a connecting link between the producing, selling, and 
financial sides of the business, recording, studjdng, 
and reporting upon the results which can be antici- 
pated or achieved by each, thus eliminating friction 
and overlapping of interests and leading to greater 
efficiency all round. 


§ 4. — Qualifications of a Business Research 
Worker. 

Much of the work of such a department would be 
of a necessity of a statistical natme, and therefore the 
person selected to take charge of it must have an 
extensive Imowledge of the principles of tins important 
subject. It is, how'ever, essential that the records 
compiled should be of such a nature that they will 
yield the results required of them, and not that they 
will be regarded merely as statistics. The haclcne3'ed 
use of statistics has brought statistical methods into 
some disrepute, and this has been very largely due to 
the fact that the convenience of the persons using the 
data has not been studied, nor the uses to which thej’’ 
could be put given consideration. The Business 
Research wmrker therefore needs to be a business man 
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as ireil as a trained observer His knoi\ ledge of 
bu'sine's methods and requirements must be lude. 
He must see his own business house in perspective, 
and therefore know wliat to record and what to discard 
The principles of banking and accounts must have 
be^n studied b\ him, while the elements of economics, 
particularly those relating to the operations of the 
economic laws of supply and demand, and of mcreas 
ing and dimimshmg returns must be known As he 
will be responsible for a'^igmng due weight to each 
department he must be tactful m his dealmg^ uath 
the executive officnls, confident and purposeful, rapid 
m his methods and m the presentment of his reports, 
and capable of demonstrating clearly and succmctlv 
the reisons for the recommendations he makes His 
reports must be models of expres&ion, simple m their 
language, and easily followed by tliose not so well 
trained in methods of observation as he himself His 
recommendations must produce results, and tabulated 
and other statements must be prepared with this 
object m new, rather than for demonstrating his 
abihta as a statistician He should be essentially 
a consultant rather than an operator, an advisor than 
an executia e officer 


§5 — Important Statistical Comparisons 

Upon the estabhshment of such a Busmess Research 
Department it should make an exhaustive study of 
the existing records of the busmess, as well as the past 
results This will enable it to ascertain the rehabibty 
of the data at its co mm and, and of the progress or 
otherwise of the busmess, and the efficiency of the 
methods used can thus be gauged. The results 
achieved bj competitors should, whenever possible, 
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be studied and compared with those of the “ house,” 
in order to ascertain whether or not the business is 
shomng results which are equal to the average ruling 
in the industry. Such comparisons are extremely 
valuable, and form a useful basis for more detailed 
investigation ; thus all results published bj’’ others 
engaged in the same industry or trade, as well as 
official and semi-official returns, must be assiduously 
collected, analysed, recorded, and compared. The 
financial position and methods of the house will be 
carefully studied to see if its resources are adequate 
for the volume of business transacted, or whether 
there is over capitalisation — an evil which must be 
guarded against as carefully as that of having too little 
capital. Attention must also be directed to the policy 
adopted in regard to the provisions to be made in 
order to finance an expanding turnover, or an increase 
in the cost of labour or material, for either of these 
factors will cause additional working capital to be 
requked. The assets of the business should be ex- 
amined to see if they are liquid, and therefore capable 
of easy conversion into cash in case of an emergency. 
The debtor’s accounts need to be considered in order 
to ascertain whether the ratio of bad debts to turnover 
can be reduced by adopting other methods of inquiry 
into the financial status of the customers, or an altera- 
tion in the methods of extending credit, and whether 
the terms of credit can be reduced or collections 
hastened. Inquiry will also be directed to the costs 
of collection and the methods adopteo, and whetner 
these can be reduced or made more efficient. 

§ 6. — ^The Organisation of Production. 

The production of purchasing departments cc tre 
business will he examined to see if the mernoes ir 
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operation arc as economical as is possible The 
rapidity of production >viU be inquired into, and di\ er- 
gencies in the time and/or the cost of similar procebses 
or units noted and inquired into The elasticitj of 
production should also receive attention, to ascertain 
whether in the event of heavy' demands ansing thej 
can bo met Anthout undue delay The quantities 
of stock consumed over regular periods u ill be periodi- 
cally compared ivith the purchases of raw matenal 
to see that there is no delay m production ouing to 
lack of rau material, or that large stocks are 
accumulating, thus locking up working capital and 
pre\entmg its being used more remunerativeh m 
some other direction The sources of the supply of 
material should bo gone into intli a view to 
ciiscovenng whether any other supplies are a\ailal)lo 
should the usual supplies fail or diminish, and also 
whether efficient substitutes can be utilised when there 
IS a shortage of the commodities used, or a considerable 
increase takes place in the pnee Kecords should be 
made of the fluctuations in the price of raw materials 
to discover if these are regular m their sequence, and if 
any advantage can be derived from purchasing from 
any particular source at any one period The world’s 
production of the particular raw materials used should 
be studied to ascertain if these are increasing or de- 
creasing in volume, and what effects such change in 
production will have upon the business or the policy 
to be pursued Labour conditions and the supply 
of workers available must necessarily receiv e attention, 
for any impending changes in wages will have a 
marked result upon the cost of production If the 
supply of workers in any trade is in excess of the 
demand, wages mil tend to fall, in spite of the efforts of 
trade unions to maintam them, while if unemployment 
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is small there is lilcely to be competition for the 
labour available and wages will tend to increase. 
Inquiry should also be directed to the changes which 
take place in the labour force of the organisation, for, if 
there are constant changes in the staff, efficiencj'’ and 
output suffer till the new workers get accustomed to 
the conditions ruling. 


§ 7. — The Problems of Selling. 

Many problems of equally great importance will come 
up for solution when the marketing or selling side of 
the business comes under review b}’’ the Research 
Department. The existing methods of marketing the 
goods will be studied and tested, other ideas AviU be 
examined and tried in order to find that which is 
the most efficient and economical, taldng care, how- 
ever, to see that too much economy is not practised, 
for this may have a detrimental effect upon the 
turnover of the business. The past records vdll be 
tabulated, and examined to discover whether the 
turnover is progressive, care being taken to compare 
both quantities and value, for if prices have changed 
the value of the turnover may have been affected, 
although the quantities sold ma3’' show a movement 
in the opposite direction. The number of customers 
supplied and the average amount and quantity of their 
purchases will also be scrutinised, for here again 
valuable information as to the progress or otherwise 
of the business will be available. Sales records 
will be analysed to find wdiether the demand for the 
products is constant or fluctuating, and if the latter 
whether the fluctuations are of a regular or iiTegular 
nature and the reasons therefor. If the demand shows 
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an increase at regularly recurring intervals arrange- 
ments cm be made to adjust production accordinglv md 
investigations made as to the possibihty of regularising 
the demand, or of utibsing the plant on the production 
of other commodities during the slack penod& If 
the demand is found to be increasing it should be seen 
that satisfactory arrangements have been made to 
meet the nsmg consumption If demand be felling 
the reasons should be inquired mto, and attention 
directed to the possibilitj of stimulatmg sales, or of 
altering the product to meet changing tastes on the 
part of the consumers The Research Department 
mil studj the consumer closely mtb a view to dis 
covering whether the demand is limited to a particular 
class or classes of the community, or is of a general 
nature If the former proves to be the case tests should 
be made as to the possibibtj of interesting other 
classes of the community The demand may be of a 
local nature, or confmed to certain districts and here 
agam it mil be necessary to ascertain the reason for 
this phenomena, and efforto directed to creatmg a 
demand in other localities StatistiCi. relating to the 
consumption per capita in the varying districts 
will at once mdicate those areas to which spf^ial 
attention should be devoted In cases where the sale* 
are confined to the home trade the possibdities of 
cultivating foreign markets should be investigated, 
as by mdemng the area over wluch sales take place a 
steads turnover can be parth assured, seeing that, 
except in extreme ca<es, factors m operation are not 
likely to affect conditions m all countnes at the same 
time or in the same degree Some districts or countnes 
may be found to have a seasonal demand, and special 
arrangements should then be made to supply such 
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areas at the time the demand occurs. The routes of 
the travellers should be inquired into to see that 
every centre is receiving attention, and that the 
energies of the representatives are devoted to increasing 
the number of customers, as well as taldng orders from 
those ah’eady on the books. The local tastes must be 
a subject for review, as it often happens that the 
desires of consumers are not met, and sales diminish 
as a consequence. The organisation must be studied, 
and the possibihties of better results being obtained 
from the establishment of branch establishments, 
or sole agencies exhausted. It may be found that 
increased sales may lead to decreased costs of 
production, owing to the plant being more fully 
occupied, and tests should be made as to whether a 
decrease in the selling price will lead to an increased 
demand, and whether tins increased demand allied to 
a decrease in the costs of production will be to the 
financial advantage of the business. 

The total supply of the finished goods available from 
all sources is also a subject for inquiry. If competi- 
tion be increasing the effect wliich this is likely to 
have upon the seUing price must be considered, and 
the result which this vdU have upon the business 
ascertained or estimated. The advertising depart- 
ment will also be reviewed with the object of ascer- 
taining the particular methods applicable to varying 
conditions and different districts. The allocation 
of the advertising expenditure wiU be ascertained, and 
the results traced wherever possible. It will be pos- 
sible to find the best media for advertising, and the 
periods which produce the best results. Tests should 
be made with various styles of advertisements to 
ascertain that which attracts the most business. 
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§8 — Studying Competitors. 

Not only must the business in itself be studied and 
analysed, but the industry as a whole considered, for 
if there is a slump in a particular trade it may be a 
wasteful process to run an advertising campaign at 
such a time, but if conditions are loioum, and the 
reasons therefoi ascertained, the difficulties maj be 
overcome and sales mamtained A study of the 
competitors, the ground they cover, and their methods 
of conducting busmess will often supply a clue to the 
reasons for a falling turnover, while if the number of 
competitors increases without the general demand 
changing to any marked degree, special steps mav have 
to bo taken to mamtain the volume of trade, and 
here again tlie Business Research Department, with 
its records, should supply invaluable assistance m 
deciding upon the course to be pursued, or alternatively 
may be able to suggest some variation m the form of the 
commodlt^ nhich will have greater possibilities of 
profit Trade and commerce in general must also be 
included in the survey carried out by this department, 
for a national slump may be accompamed by a boom 
in some other country, and hence the poor returns 
shown bj the home trade may be offset by an increase 
m the export sales The varying conditions ruhng 
abroad must also be studied in order that advantage 
may be taken of the most favourable markets, and so 
enable both turnover and profits to be increased 

§ 9 — Other Factors to be Studied. 

Financial and credit conditions must not be o\er 
looked A stringency in the financial world maj result 
in longer credit being asked for, or in credit facihties 
having to be withdrawn or modified accordmg to the 
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conditions ruling, and therefore if losses are to be 
guarded against the economic conditions ruling through- 
out the world must be carefull5'^ studied and the results 
foreseen. If, for example, the Avorld’s cotton crop 
is a poor one, Lancashire v.dll suffer considerably, 
trade in that part of the country will dechne, 
and the credit policy for that district must be decided 
upon before the slump actually makes its appearance ; 
but the Research Department, h property organised, 
would have given warning of the impending difficulties 
and provision would have been made accordingly. If 
a financial crisis appears imminent in any country the 
magnitude of its effects must be forecasted and guarded 
against if loss is to be prevented. Foreign exchange 
fluctuations may turn an apparent profit into an 
actual loss unless the}^ have been carefulty studied and 
the reasons for the movements ascertained. 

Enough has been said to demonstrate the many 
points on which a Research Department could focus 
its attention in order that business may be conducted 
on strictly scientific hnes. Such a department would 
supply all the information needed to enable a busy 
principal to decide the methods to be adopted and the 
policy to be carried out, and would thus act as an 
intelligence department to the chief of the business. 
It ma3^ be argued that only large businesses could 
afford to maintain such a department, and this is in 
a large measure true, but the various associations of 
employers could do mucli to supply general information 
as to local, district, national, or international conditions 
of trade, commerce, and finance, and their effects 
under the particular industry as a whole, leaving each 
head of smaller businesses to apply the information 
to his own needs. The Federation of British Industries 
has established such a department, the operations of 
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the Commercial Gas Users Association are well known, 
while the Universities of London and Cambndge hare 
estabh<5hed an Economic Bureau known as the London 
and Cambndge Economic Semce, winch works in 
conjunction with the Harvard Umver&ity Coinraittee 
on Economic Research The object of this service is 
to render to business men expert analyses of mdustna! 
conditions, to supply statistics and memoranda 
similar to the services which the Universities have 
long rendered in the fields of chemistry and other 
natural sciences It issues monthly bulletins of care 
fullv cho'^en statistics, with Tables and Diagrams, 
showing clearly the movements of the main elements 
in the financial and industnal position up to date, 
with a summary and analjsis of the changes and, 
so far as is possible, a forecast of the near future , 
while periodically or occasionallj it issues memoranda 
on special topics, «uch as the volume and movements 
of foreign trade, the course of the Foreign Exchanges, 
stocks of commodities, the condition of the Money 
^ilarket, the position of freights and slupping In 
America there are several organisations giving similar 
services to this, and apart from Harvard Umversity 
the pnncipal are — Tlie Brookmire Economic Service, 
The American Chamber of Economics, and Babson’s 
Statistical Organisation 
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SYNOPSIS TO CHAPTER XIII. 


MECHANICAL AIDS TO STATISTICAL 
WORK. 

§ 1. — Calculating Devices. 

2. — The Powebs Soetino and Tabulating Machinery. 
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MECHANICAL AIDS TO STATISTICAL 
WORK 

AInn\ Statistical Returns now presented to the public 
bj Government Departments and other Public bodies 
suffer from the acrj senous defect that the speed of 
collection is such that the results are onlj available 
after the lapse of such a period of time that the statis 
tics cannot be used to the best advantage, even if 
they can bo used at all In otlier words, while they 
enable a 8ur\c> of past mo\cmcnt8 to be conducted, 
thej cannot be applied to the conditions immediately 
following the period to which thej relate In commer 
cial statistical work it is essential that the collection 
recording investigating and presentation should be so 
speedj that tlie results obtained can bo applied inth 
out undue dela\ to the conditions then present, 
while in rcscarcJi work the facihtios for cl8S3if}ang, 
grading and tabulating should be such that the nsk 
of mistal es is eliminated or minimised, and rapidity 
of .working assured These two factors can onh be 
achicNcd when mechanical assistance is available 

§ 1 — Calculating Devices 

There arc numerous donees now aiailable to assist 
the Statistician in cffoits to obtain both accuraci and 
speed, and mnnj of these are w ell knoini and hai c been 
tested oi or long penods Wlien long lists are required 
for tabulation, or for the purposes of summation, the 
Biirrouglis Adding and Listing Machines cannot be 
excelled , while when it is desired to work computations 
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involviiig addition, subtraction, multiplication, divi- 
sion, the raising of powers of a number, or the extrac- 
tion of a root, machines of the type of the Monroe 
Calculating Machine, the Comptometer, the Sladas or 
the ^Elhonaire supply the need, and ease the labour 
involved. Most of these machines, however, suffer 
from the disadvantage that the figures used are not 
recorded except on the dials of the machine, and so 
cannot be afterwards checked to ensure accuracy; 
thus, unless great care be exercised at the outset of 
the operation, mistakes may creep in and the result 
be affected to an unknown degree. The rapidity 
of operation, however, is such that provided reason- 
able care be taken by the operator, the advantage to 
be obtained from the speed of computation outweighs 
the disadvantage of possible mistakes, while the size of 
the operations which can be carried out on such 
machines ensures a greater degree of accuracy, when 
dealing with large numbers, than can be obtained by 
the use of the Slide Rule, and results can be obtained 
much more quickly than is possible by the use of 
logarithms. 

§2. — The Powers Sorting and Tabulating 
Machinery. 

Where large quantities of detailed data are being 
handled, and particularly where Research work caUs 
for numerous groupings and classilications entailing 
considerable sorting and resorting of the data, as well 
as tabulating the results under the various headings, 
the problem of speedy handling becomes very much 
more complex. After considerable experience, in- 
vestigation and experiment, however, the writer has 
found that the recording, classifying, tabulating and 
investigating of data can be best carried out on 
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the Powers Punching, Sorting and Tabulating 
Machinery. The necessary data is punched on a 
specially designed card (see Illustration No. 1) con- 
taining forty-five columns in which punching can take 
place, each column giving a range of numbers from 
0 to 10, though on sixteen of the columns it is possible 
to arrange for numbers ranging from 0 to 39 to be 
punched, while other combinations of numbers can 
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be speciaU3'^ arranged to meet the needs of the user. 
The data must, of necessity^, be coded into a numerical 
code, each factor being indicated bj’^ a previously 
agreed number. It is only in the punching of the card 
that errors can occur, but mistakes can be easily 
guarded against bj^ carefully checking the results 
obtained from the punched card after it has been 
tabulated as hereinafter described. Illustration No. 2 
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sho^ the Automatic Key Punch which is used for the 
purpose of the punching, and an expert operator can 
easily punch 300 cards per hour from the particulars 
coded. 

The Sorting llachine {see lllusiration No. 3) is 
capable of sorting and counting cards at a rate of 
18,000 per hour. It operates automatically, and so 
long as the magazine is kept filled mil run con- 
tinuously with very little attention. The last card 
passing through will stop the machine. Sorting can 
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msuranoe company m respect of Ford Cars, the code 
umber for which is 356. and that this information is 

recorded in, say, columns 39, 40 and 41 of the card. The 

whole of the cards relating to premium income first are 
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sorted into ten groups on column 39. Only those cards 
which fall into the fourth group {i.e., those on wliich 3 
has been punched) are required for further operations 
and the remainder are filed. The cards retained are 
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shows the Automatic Key Punch which is used for the 
purpose of the punching, and an expert operator can 
easily punch 300 cards per hour from the particulars 
coded. 

The Sorting Machine {see Illustration No. 3) is 
capable of sorting and counting cards at a rate of 
18,000 per hoxir. It operates automatically, and so 
long as the magazine is kept filled will run con- 
tinuously with verj' little attention. The last card 
passing through will stop the machine. Sorting can 



be'conducted on any column, and consequently any 
factor p^o^^ded for in the code used can be extracted 
in a minimim of time, and with no possibility of error. 

selected are recorded on the counters, as well as the 
total data falling in the column on which sorting is 
being conducted. If the code number for a particular 
factor is spread over two or more columns then resort- 
ing IS, of course, necessary. Supposing for instance, 
it is required to ascertain the premium income of an 
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msUTMoe company in respect of Ford Cars, the code 

recT *■'“ taformation is 

recorded m, say, columns 39, 40 and 41 of the card. The 

lole of the cards relating to premium income first are 
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sorted into ten groups on column 39. Only those cards 
which faU into the fourth group {i.e., those on which 3 
has been punched) are required for further operations 
and the remainder are filed. The cards retained are 
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again sorted into ten groups on the punchings in 
column 40, and those punched wth the figure 5 are 
retained for further sorting, 'which is then likewise 
conducted on column 41. In this last sorting those 
bearing the figure 5 will be retained, and are those 
we require to enable us to obtain the information 
relative to Ford Cars in which we are at the moment 
interested. 

The cards so selected are then passed tlirough the 
Tabulator (see llUtstration No. 4), and here the punch 
holes are converted into figures, and not only printed 
but are also sumraated on columns provided for that 
purpose, and in the e^sampVe given would supply us 
with the total premium income for that type of car. 

The tabulator will handle some 3,500 cards per hour, 
and as many as seven different totals can be obtained 
from the machine. A specimen of the tabulation 
obtained is shown in Illustration No. 5. 

The speed and accuracy of these machines enables 
the data to be recorded in a minimiun of time, and 
consequently records can be maintained conect and 
complete to within a few hours of the transaction taking 
place, wliile details regarding any factor pro\ided for 
on the card, subdivided under various headings as may 
be necessary, can be obtained and tabulated within a 
short time of the need for the information arising. It 
would call for hut a short expenditure of time and 
trouble to subdivide the premium income referred to 
above under the headings of, say. Branches, Months, 
Class of Policy, Agent, etc. The facility and rapidity 
wth which the data can be classified under any 
heading provided for in the scheme is one of the 
greatest advantages of this raachinerj', and it should 
prove of enormous beneHt to the Commercial Statis- 
tician and Research Worker. It may be mentioned 



TRAVELLERS COMMISSION SHEET 


§ 2 .] 


339 



Y 2 


’9 ’oij NoixvHxsa'i'ii 



[Chap XIII 

340 STATISTICS AND THKTH APPLIOATlO'f TO (X)JIiIZECE 

that it IS the use of this machinery m the T\ork of 
preparing the reports on the Census that has made it 
possible to enumerate the population every fifth 
year instead of every decade as before, while the 
Reports are being issued much more rapidly than was 
previouslv the case The use of this plant is not 
confined to statistical work, for it is m u'se m Store 
keeping, Costmg, TraflBc Returns, etc , and can be 
apphed to any form of Accountmg work m which 
large masses of data have to be recorded and 
tabulated 
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COMPARABILITY OF DATA. 11, 28 
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COIMP ARISON, 

Aim o£ Statistical Science is, 6. 

Fallacious, 14, 28, 60. 

How to calculate amount of Capital for purposes of, 16- 
Methods of, 219. 

Standards of, 69. 

Standards of. Computed on various bases, 77. 

Units suitable for, 31. 

Use of Index Numbers for, 278. 

COMPARISON OF AREAS IN DIAGRAMS, 174. 

COMPARISON OF QUANTITIES AND VALUES, 194. 

COMPARISON OF VOLUMES IN DIAGRAMS, 177. 

COMPENSATING ERRORS, 54. 

COSIPILATION OF DATA ON VARYING BASES, 77. 

COMPILATION OF STATISTICAL DATA, 11, 22. 

COMPLETENESS OF DATA, Necessity for, 11, 16, 28. 

COMPLEX TABULATION, 116. 

Examples of, 117, 119, 124, 125, 127, 129, 134, 135. 

CONSTRUCTION OF DIAGRAMS, Rules for, 182. 

CONSTRUCTION OF INDEX NUMBERS, 248. 

CONStmPTION OF COMMODITIES PER CAPITA, 306, 326. 

CONTINUOUS SERIES OF DATA, 42. 

CONTROL RECORDS, 211. 

CORRECTNESS OF DATA, Importance of, 11. 

CORRELATION, 289. 

Co-efficient of, 293- 
Definition of, 289. 

Ratio of Variation, 296. 

COST, What constitutes, 215. 

COST ACCOUNTANCY, 

A Branch of Statistics, 7. 

Electrical Industry, 39- 
Railway Companies, 39. 

Use of Index Ntunbers in, 287. 

COST OF LIVING INDEX NUJIBER, 265. 

Commodities included in, 267. 

Imperfections of, 266, 277. 

Method of Compilation, 274. 

Weights used in compilation of, 269, 274. 

COST PER CAR MILE, 39. 

COST PER PASSENGER JULE, 39. 
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COST PER TOV MILE. 39 
COST PER W^GOX 5IILE, 39 


COSTS. 

Factor}, 215 
Prune, 213 
Running. 39 
Total. 2ie 

COURSE OF AM^RAGE PRICES, ilr SauerbecL'a, 25S. 

COURSE or WAGES. 

The Board of Trade, 235 

CCMUL\TI^■E ERROR. 35. 

CmrCEATIVE FREQUE^C\^ 97, 155. 

CURVES, 

la Diagrama, 143, 153 193, 1S4 
Lorenz 233 

Normal Frequency, 149 
Of Error, Normal 149 
Of Nonnal Tendency, 13 > 

Smoothing of in Diagrams, 1S3 

CYCLES OF TRADE. 23, Tfi 
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DATA. 

Arraying 9o 

CommerouJ, capable of being aeconteir eompiled. 22 
DuRciiltv of compiling. 22 
Median not suitable for use in. 101 
Tabulation of. 1 13. I2I, 128. 129. 131, 132, 134. 135, 137 
Use of Mode m. 109 
C«e of JIoTing Average ut 19, 77, 90 
Comparabdiiy of Ea^ential, II, 23 
Completeness of necessary, II, 16. 2S. 

Correctness of important, II 
Divisions of Statistical, 42. 

Homogeneit} of, 12. 

Information to be obtained from, 39, 302, 312. 

Methods of Collection of. II 22. 

Methods of dealing mth. 31 
Vfethods of presentmg, 48, 112. 140. 

Presentation of mav lead to fallacious conclosions, 1 1 
Published, 26 

Quantities of, give more accurate resulta, 9, 19. 33, 69, 73 

Representative, 19 

Stabihtv of. 19 

Suitable for Tabulation, 121 

Uruformitv in collection essential, 11, 22. 

DECILES. 99. 

DECnLALS, 

Advantages of, 67 

Care is use of, when approxurmting. 67 

In Ratios care in use of, 67 

Meaning of Correctness to second place ot, 49 
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DEFIOTTION OF UKIT, 

Care necessarj' in, 11. 

Variation in reading of, 12. 

DEFINITIONS, 

Aggregate, 70. 

Arithmetic Average, 70. 

Array, 9C. 

Correlation, 289. 

Dispersion, 220. , 

Error, 53. 

Factory Cost, 215. 

Median, 96. 

Mode, 101. 

Prime Cost, 215. 

Quartile, 98. 

Running Cost, 39. 

Total Cost, 216. 

Weighted Average, 84. 

DEGREES OF ACCURACY, How shown, 48. 

DELA^ERY CHARGES, Records of, 41. 

DEMAND AND SUPPLY, Effect of Law of, 40. 

DEPARTMENTAL RECORDS, 210. 

DESCRIPTIVE A%^RAGE, 92. 

DEVIATION, 

Average, 223. 

Quartile, 231. 

Standard, 227. 

D1AGRA3IS, 

Areas shonn in, 174. 

Arrangement of, 182. 

Circular, 174. 

Curves in, 143, 153, 183, 184. 

Examples of, 142, 144, 147, 151, 150, 158. 160. 163, 165, 109, 173, 175, 
176, 178, 179, 188, /acini; 196, 198, 202, 206, 209, 234, 
244, 246, /acin <7 292, facinff 293, 299. 

Figures in, 184. 

Horizontal Scale of, 184. 

Linear Magnitudes most suitable for, 172, 182. 

Logarithmic Scale in, 167, 169, 184. 

Natural Scale in, 165, 166. 

Percentages in, 167, 18.3. 

Rules for Constructing, 182. 

Skewness in, 150. 

Time element in, 159, 183. 

Title of, 184. 

Types of — 159. 

Bar, 162. 

Bar showing Components, 171. 

Block, 161. 

Circular, 176. 

Graph, 162. 
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DL\GR4MS (eofUtniud), 

Vertical Scale of, 161, 182. 184 
Volumes for rampanson in, 174. 

Zero Lines m. 170. 182, 183 
DlS\DVA27rAGES OF, 

\nthiiietio Average, 72 
Graphic Methods, 181 
Index ^umbers, 2M. 266. 277 
Median 100 

Mode 107 , 

DISCRETE SERIES OF D\TA. 43 
DISPERSION*. 220 
Absolute. 223 
Co.efficient of, 223 
Definition of, 220 
Lorenz Cur\a, 233 
Measunng 221 
Modulus 331 
Jlomeots of 323 
Quartile pleasure of, 231 
Range, 231 
Relative. 333 

DISTRICTS, 

hv all most b« included m a genera! inquiry, 31, 306, SOS, 313, 328 
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Index of Buaine:aS Actmtx. 383 
Index Ntuaber of, 333. 263 
Tables from, 134, 135 

EFFECT OF CH,U*CrKO THOB BASE OF COMPARISON, 13 
ELECTRICAL DTDUSTRY, 

Costs ui, 39 

E^IPIRE STATISTICAL BDBEAD, 

Formation of 26 

Need for Studvtng the Retnras of, 27. 

Objects of, 26 

ERROR, S3 
Oa-Bes of — 

Biassed, S3 
Unbiassed, 54 
Derimtion of, 53 
Fffect of on Ratios, 66 
Estimating the, S6 
Examples of, 5L 
In an Estimated Average, 59 
Measurement of, 

Absolntely, 53 
Relatively, 64 
Normal Curve of, 149 
Probable 293 

ESTATE DUTY, 

Uow Budget, Estimate of, is made 5 
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ESTIMATES, 

Accuracy of, 46. 

Accuracy of, essential to success in business, 8. 

Effect of Natural Factors on, 4. 

Examples of in Business, 7, 40. 

Reasons why re.sults differ from, 5. 

Schedule D Tax, how compiled, 5. 

Standard of Accm-acy in, 47. 

Statistics, the Science of, 6. 

Uses of, 3. 

ESTIMATING THE QUALITY OF MARKETS, 307. 

EXCHANGES, 

Fluctuations in Foreign, 41, 200, 203. 

EXPENSES, 

In Relation to Gross Profit, 133, 203. 

EXPORTS, 

Increase in the Value of, does not necessarily indicate an Increase in 
Trade, 17. 


F 

FACTORS, 

Diagram to show three different, 177. 

Measuring the Correlation of, 289. 

Natural, Effect of, on Estimates, 4, 242. 

FACTORY, 

Cost, 133, 215. 

Output, 18, 32. 

Records, 41, 213. 

FACTS, 

What constitutes Statistical, 43. 

FALLACIES IN COMPARISONS, 14, 28, 60. 

FALLACIES IN THE USE OF AVERAGES, 35. 

FALLACIES IN THE USE OF PERCENTAGES, 60. 

FEDERATION OF BRITISH INDUSTRIES, STATISTICAL DEPART- 
MENT, 28. 

FIGURES IN DIAGRAMS, 184. 

FINANCIAL RECORDS, 211. 

“FINANCML TIMES,” INDEX NUMBER, 263. 

FIXED EASE, INDEX NUMBERS CONSTRUCTED ON A, 24S. 
FLUCTUATIONS, 

Abnormal, How to eliminate for the purposes of comparison, 18, 36, 
69, 75. 

Long Term, 9, 19, 38, 69, 75, 293. 

Short Term, 18, 38, 80, 295. 

FLUCTUATIONS IN PRICE, 17, 29, 40. 75, 199, 241- 
Locating causes of, 242. 
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FLCCrU^TIOVS IS TEE RATE OF IXTEKEST, 

Importance to basinets men of, 41 
FOREIGN EXCHANGES, 

Fluctuationa m, 41, 200, 203 
FREQUENCE, 

Coinulative, 97, 155 
Normal Cnrvoof, 149 
Polvgon. 146. 143, 154. 

Tables 96, 150 

FtTNCTIONS AND OBJECTS OF BUSINESS RESEARCH, 320 
FUTURES, 

Operators us, and their methoda. 4. 
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GALTON GRAPH, 297 
GANG HOURS 32 
GEOMETRIC ATORACE. 94 
In Index Numbera, 251 
GRAPHIC ilFTHOD The, 139 

AdvantAj^es and Disadeantagea o!, tSI 

Appbeation of, 143 

Applied to Commerce, 185 

Areas not stutable for comparison in, 174 

Linear ^Ugmtadee most suitable for use in. 173, 182 

Peroentegea in 16? 183 

Tolomes not suitable for comparison in, 177 

GRAPHS, 162 
Oalcon, 297 

Loganthmic Scale in 167. 169. 184 
Natural Scale in, 165 166 

GROSS PROFIT. 

In relation to Expenses, 133, 203 
GROUPS OF STATICTICAL DATA, 42. 

H 

HISTOGRA3I, 143 
HISTORIGRAM 161 
HOMOGENEITA , 

ImpoTtaace of, 12 
Necessity for, 13 

HORIZONTAL SCALES IN DIAGRAMS, 184 

I 

IMPORTS, 

Hotc Estunats of yield of Taxation on u made, 5 
Increase in value of no indication of an increase m Trade, 17 
INCOME TAX, 

Method of estimating for Budget purpo^, 5 
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IKDEX XTOIBERS, 240. 

Advantaj’es of, 254. 

As an Aid to Costing, 287. 

Average to bo used in, 251. 

Chain Base, 253. 

Commercial Uses of, 278. 

Construction of, 248. 

Degree of Correlation of Factors obtainable by the use of, 290. 
Disadvantages of, 254, 26G, 277. 

Fixed Base, 248. 

Indices in, 245. 

Locating Causes of Price Fluctuations by the use of, 242. 
Proportional Numbers, 245, 

Types of — 

Board of Trade, 254, 203. 

Costing 287. 

Cost of Living, 205. 

Course of Wages, 205, 

Economisl'n, 253, 202. ' 

Economist's Index of Business Activitj-, 283. 

Financial Times, Weekly, 203. 

Investment, 280. 

Mr. Sauerbeck’s, 258. 

Statist's, 253, 255, 201. 

Uses of for purposes oi Comparison, 255. 

Wages Problem, and, 278. 

INDICES, 245. 

INERTLA, L.AW OF, In largo numbers, 20, 38. 

INFORMATION, 

Obtainable from the Census, 302. 

Types of obtainable from Statistical D.ata, 27, 39, 302, 312. 

INSURANCE COMPANIES, 

And their use of Statistics, 3, 7, 22. 

INTEREST, 

Fluctuations in the Rate of, 41. 

INTERPOL.ATION, 98. 

INTERVAL, CL.ASS, 97. 

IKATilSTMENT INDEX NUMBER, 280. 
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LABOUR SUPPLY, 

Information obtainable from Census Returns, 308. 

LAG, 

Hotv recognised in Diagrams, 190, 292. 

LAW OF INERTIA IN LARGE NUMBERS, 20, 38, 

LAW OF STATISTICAL REGULARITY IN LARGE NUMBERS, 20. 
LIHUTATIONS OF PUBLISHED DATA, 26. 

LINEAR MAGNITUDES IN THE GRAPHIC METHOD, 172, 182. 
LIVING, INDEX NUMBER OF THE COST OF, 205. 
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LOGABITHMIC SCALES, 

Use of UL Gfftphs, 16T» 169» 184. 

L0G4BITmiS, 

Use of, 67, 168 

LO^'DON^ AND OUIBBTDGE ECONOinC SERVICE, 330 

LONG TERil OBSERVATIONS. 

The importance of, 9 19, 33, 69, 75, S93 

LORENZ CURVE, 233 
LOUTR QDABTILE, 99 
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Method of calculation. 93 

JUGNTTUDES, 

Linear oal^ euitabte (or use in diagrams. 173, 162 
MAN HOUR. 

Advantages of using ns a basis of compansos, 32 
Example of cMculattng tbe Output per, 34 
Output per, 32 

MARKETS, 

Estimating the Qualit} of. 307 

•> „ Quaofifative factor. 305, 306 

MEAN (See <v\'ERAGE ) 

MEASURES OF DISPERSION. 221 
MEASURES OF ERROR. 63 
'iIEASUBES OF SKE^VRESS, 286 
MECHANICAL AIDS TO STATISTIOAL WORK, 332 
3IEDIAN, 96 

Advantages of 99 
Definition of 96 
Disadvantages of, lOO 
Effect of Skesmess ctfi. 152 
In Index Numbers, ?51 

^cation of, in the Curve of Normal Error, 149 

Not suitable for use fu Commercial Worlc, 101 

Rule for Calculating the Magnitude of, 93 

Rule for obtaining tb® Magnitude of, from an Ogive, 157 

Uses of, lOO 

JIETHOD, graphic, HQ 
Applied to Commerce, 185 
SIETHODS OP APPR0»MATI0N, 43 
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METHODS OF COMPILING DATA, 11, 22. 

METHODS OF PBESENTING DATA, 48, 112, 140. 

METHODS OF SASIPLING, 21. 

METHODS OF TABULATING, 112. 

MODAL OUTPUT, 109. 

MODAL TIME, 109. 

MODE, 101. 

Advantages of, 107. 

Definition of, 101. 

Disadvantages of, 107. 

Method of Location of, 102, 159. 

Use of, in Commerce, 109. 

MODULUS, 231. 

TiIO.MENTS OP DISPEBSION, 223. 

MONEY, 

Effect of change of Purchasing Power of, 17, 29, 40, 76, 242, 

ilOETHLY SALES, 

Method of Presenting, 187. 

MOVING AVEBAGE, 19. 77. 

How compiled, 77. 

Utility of, 90, 190. 

MOVING A^’ERAGE PRINCIPLE, 

Advantages of, 19. 

Applied to Commerce, 90. 

moving weighted AVERAGE, Uses of, 90. 

N 

NATURAL FACTORS, 

Their Effect on Estimates, 4, 242, 

NATURAL SCALE IN GRAPHS, 165, 166. 

NET profit and EXPENSES, 204. 

NET PROFIT AND TURNOVER, 

Method of Presenting, 208. 

NORM. (See MODE.) 

normal curie of ERROR, 149. 

NORMAL FREQUENCY CURVE, 149. 

NUIilBERS, 

Index, 240. 

Law of Inertia in Large, 20, 38. 

Proportional, 245. 
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POWERS SORTING AND TABULATING MAOHINES, 333. 

PRESENTATION OF DATA, 

Importance of Proper, 1 14. 

Methods of, 48, 113, 140. 

PRICE, 

Difficulty of comparison of that of various commodities, 243. 
Fluctuations in, 17, 29, 40, 75, 199, 241. 

Locating Causes of Fluctuation in, 242. 

PRICES, 

Mr. Sauerbeck’s Course of Average, 258. 

PRIME COST, 

Definition of, 215. 

PROBABILITIES, 

Business an .Application of the Science of, 8. 

Theory of, 19. 

PROBABILITY OF ERROR, 

In co-efficient of correlation, 295. 

PRODUCING BUSINESSES, 

Factors affecting, 18. 

Short Term Obs6r''ations in, 18. 

PRODUCTION, 

Organisation of, 323. 

PROFITS, 

Output of a Factory, no criterion of, 31, 115. 

What are, 11. 

Why returns of for comparison must be compiled on thesame basis, 14,23. 

PROGRESSIVE AVERAGE, 81. 

Example of, in Commerce, 90. 

PROPORTIONAL NUJIBERS, 245. 

PUBLISHED STATISTICS, 

Limitations of, 26. 

Uses of 4, 26. 

PURCHASES AND SALES, 

Method of Presenting, 190. 

PURCHASING POWER OF MONEY, 

Effect of Change in, 17, 29, 40, 75, 242. 

o 

QUANTITIES, 

Comparison of, rrith values, 194 
Necessity for Records of, 39. 

QUARTILE MEASURE .AND CO-EFFICIENT OF DISPERSION, 231. 
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RULES, 

For Calciilating the Magnitude of the Median, 98. 
For Calculating the Magnitude of the Quartiles, 99. 
For Constructing Diagrams, 182. 

For Tabulation, 118. 

RUNNING COST, 39. 


Accumulated, Method of Presenting, 187. 

Monthly, Method of Presenting, 188. 

Problems in Connection rrith, 325. 

Records of, 187. 

Returns, How shown in Diagrams, 192. 

Tabulated, 129. 

SALES AND PURCHASES, 

Method of Presenting, 190. 

SAMPLING, 20. 

Methods of, 21. 

Uniformity in, 21. 

IVhat is meant by, 20. 

SAUERBECK’S, Mr., 

Course of Average Prices, 258. 

SCALES IN DIAGRAMS, 

Horizontal, 184. 

Logarithmic, 107, 169, 184. 

Natural, 160. 

Vertical, 101, 181, 182. 

SCHEDULE D ASSESSMENT OF INCOilE TAX, 

How Budget Estimate is made, 5. 

SCHEDULE OF. QUESTIONS. (See QUESTIONNAIRE.; 

SELFRIDGE, Mr. H. G., 

On effects of Changes in the Purchasing Power of Money, 31. 

SERIES OF STATISTICAL DATA, 42. 

SHORT TERM FLUCTUATIONS, 18, 38, 80, 200. 

SHORT TERM OBSERVATIONS IN A PRODUCING BUSINESS, 38. 

SIMPLE ARITHMETIC AVERAGE, 70. 

SIMPLE TABULATION, 110. 

SKEWNESS, 1.50. 

Example of in Diagram, 151. 

How Measiwed, 230. 
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Compilation of, 11 
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TABULATION, 113. 

Arrangement of, 12.3, 12.j. 

Commercial Data, 113, 121, 123, 131, 132, 134, 135, 137. 
Complex, 116. 

Data for. 121. 

GrapLic Method of Presentment depends on, 114. 
Importance of, 114. 

Miscellaneous Items in, 120. 

Rules for, 118. 

Simple, 116. 

Title of Table, 123, 

Types of, 116. 

Typewriters, Limitations in the use of in, 126. 

Suitable for, 128. 

Uses of Averages in, 128. 

Percentages in, 128. 


TAXATION, 

How Estimates of yield are compiled, 5. 

TENDENCY, 

Normal Curve of, 155. 

THEORY OF PROB.4BILITIES, 19. 

TIME, 

How shown in Diagrams, 159, 183. 

Modal, 109. 

TITLES, 

Of Diagrams, 184. 

Of Tables, 123. 

TON-MILES AS A BASIS OF COMPARISON, 39. 

TOTAL COST, 

Definition of, 216. 

TRADE, 

Cycles, 28, 76. 

Increase of the Value of Exports no indication of an increase in, 17. 
TRANSPORT RECORDS, 39, 136, 217. 

TREND, 78, 166, 190. 

TURNOVER, 

Increase in the value of no indication of Progress of a Business, 29. 
Method of shoAving Not Profit and, 208. 

Profits correlated ivith, 115. 

TYPES, 69. (See also AVERAGES.) 

Deciles, 99. 

Median, 96. 

Mode, 101. 

Percentiles, 99. 

Quartiles, 98. 

TYPEWRITERS, 

Use of in Tabulation, 126. 
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